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㻌 2010ᖺ䛻䛚䛡䜛ୡ⏺䛾୍ḟ䜶䝛䝹䜼䞊ᾘ㈝㔞䛾䛖䛱 80 %䜢໬▼㈨※䛜䠈27 %䜢▼Ⅳ
䛜༨䜑䛶䛔䜛[1]䠊ྛ໬▼㈨※䛾ྍ᥇ᖺᩘ䛿 2012ᖺᮎ䛻䛚䛔䛶▼Ἔ䛜 53ᖺ䠈ኳ↛䜺䝇䛜































0. 1. పရ఩Ⅳ䛾ᵓ㐀䝰䝕䝹 
 
㻌 పရ఩Ⅳ䛾⮬↛Ⓨⅆᶵᵓ䜢᳨ウ䛩䜛䛖䛘䛷䠈పရ఩Ⅳ䛾໬Ꮫⓗᵓ㐀䜢ᢕᥱ䛧䛶䛚䛟䛣
䛸䛿㔜せ䛷䛒䜛䠊ᅗ 0. 2 ~ 0. 4 䛻✀䚻䛾పရ఩Ⅳ䛾ᵓ㐀䝰䝕䝹䜢♧䛩䠊ᅗ 0. 2 䛿
Hüttinger䜙[4]䛻䜘䜛䝗䜲䝒⏘〓Ⅳ䛾䝰䝕䝹䛷䛒䜚䠈1 ~ 3⎔䛜⬡⫫᪘Ⅳ⣲䜔䜶䞊䝔䝹⤖ྜ
䛷䛴䛺䛜䛳䛶䛔䜛䠊䜎䛯䠈⬡⫫᪘Ⅳ⣲䛾㛗䛔┤㙐䛜䛒䜚䠈䜹䝹䝪䜻䝅䝹ᇶ䛻㔠ᒓ䜹䝏䜸䞁



























׋ 0. 2. Hüttinger↸[4]ⅻ੩కↆ↎ᙓ໗↝ನᡯ 




׋ 0. 4. Salmon↸[6]ⅻ੩కↆ↎ஙឋ໗↝ನᡯ 














































power law, Elovich’s eq
power law, Elovich’s eq (DSC)
Transit heat balance
power law, Elovich’s eq
ᣠእԈბ᣽[31] TG, GC ʊ ⅎ power law, Elovich’s eq
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⏕ᡂ㏿ᗘ䛾 20ಸ䠈CO2䛾⏕ᡂ㏿ᗘ䛾 7ಸ䛷䛒䜛䛣䛸䜢ሗ࿌䛧䛶䛔䜛䠊Swann 䜙[15]䜒℡㟷
Ⅳ䛾ప 㓟໬᫬䛾䜺䝇⏕ᡂ≀䜢 ᐃ䛧䠈H2O 䛜᭱䜒ከ䛟⏕ᡂ䛩䜛䛸ሗ࿌䛧䛶䛔䜛䠊୍᪉䠈









׋ 0. 6. Calemma↸[17]↝੩కↆ↎˯ภᣠ҄଺↝ನᡯ٭  ҄
׋ 0. 7. Yürüm↸[18]↝੩కↆ↎˯ภᣠ҄଺↝ನᡯ٭҄ 







[17]䛿⡿ᅜ⏘ள℡㟷Ⅳ䛻ᑐ䛧䠈200, 250, 275 °C䛷㓟໬䛥䛫䛯䛸䛣䜝䠈⬡⫫᪘Ⅳ⣲䛾ῶᑡ䛸
䜹䝹䝪䜻䝅䝹ᇶ䠈䜶䝇䝔䝹ᇶ䛜ቑຍ䛧䛯䛣䛸䜢ぢฟ䛧䠈ᅗ 0. 6 䛻♧䛩䜘䛖䛺ⰾ㤶⎔䛸⤖ྜ











ᛶ䜢ሗ࿌䛧䛯䠊Worasuwannarak䜙[20]䜒℡㟷Ⅳ䜢250 ~ 300 °C䛷㓟໬䛥䛫䛯㝿䛾ᵓ㐀ኚ໬
䜢䛭䛾ሙほᐹ䛧䠈䜹䝹䝪䜻䝅䝹ᇶ䛾ῶᑡ䜢ሗ࿌䛧䛶䛔䜛䠊䜎䛯䠈Wang 䜙[21]䛿↓↮Ⅳ䛛䜙






























0. 2. 2. ▼Ⅳ䛾ప 㓟໬ᛶ䛻ᐤ୚䛩䜛せᅉ 
 







































































































㻌 ᩿⇕཯ᛂჾ䜢⏝䛔䛯ప 㓟໬ᛶ䛾ホ౯ἲ䛿 Bowes 䜙[40]䛻䜘䛳䛶ᥦ᱌䛥䜜䛯 Basket 






㏉䛧䠈▼Ⅳ䛜Ⓨⅆ䛧䛺䛔 ᗘ䛾ୖ㝈䛾䜸䞊䝤䞁 ᗘ(Critical ambient temperature, Tcrit)䜢
ồ䜑䠈䛣䜜䜢⏝䛔䛶▼Ⅳ䛾㓟໬ᛶ䜢ホ౯䛩䜛䠊Bowes䜙䛿䠈άᛶⅣ䛾㓟໬ᛶ䜢䠈Zhang䜙





䛾ᙳ㡪䜢䛭䜜䛮䜜 ᐃ䛧䛶䛔䜛䠊䜎䛯䠈䛣䛾ᡭἲ䛿ḟ⠇䛻㏙䜉䜛 transit heat balance䜢⏝
䛔䛯㏿ᗘゎᯒ䛻䜒฼⏝䛥䜜䜛䠊 
 




㻌 㓟⣲྾╔㏿ᗘ䛿▼Ⅳ䛾ᮍ཯ᛂ⋡䛻ᑐ䛧䛶 0ḟ䛺䛔䛧 1ḟ䛷䛒䜛䛸௬ᐃ䛧䛯ᘧ(0. 1ᘧ䛚
䜘䜃 0. 2ᘧ)䜔 Elovichᘧ(0. 3ᘧ)䛻䜘䛳䛶⾲⌧䛥䜜䜛䜒䛾䛜ከ䛔䠊Elovichᘧ䛿䠈ᅛయ⾲
㠃䛻䛚䛡䜛䜺䝇䛾྾╔㏿ᗘ䛾⾲⌧䛻⏝䛔䜙䜜䜛⤒㦂ᘧ䛷䛒䜛䠊 
 kCgkr    )('
22 OO
 (0. 1) 
 )1()1)(('
22 OO










r D    (0. 3) 





㻌 (0. 1)ᘧ䠈(0. 2)ᘧ䛻䛚䛔䛶䠈k’䛿┿䛾཯ᛂ㏿ᗘᐃᩘ䛷 g(CO2)䛿㓟⣲⃰ᗘ౫Ꮡᛶ䜢⾲䛩
㛵ᩘ䛷䛒䜛䠊㓟⣲ศᅽ୍ᐃ᮲௳ୗ䛷ᐇ㦂䛧䛯䜒䛾䛷䛿䠈䜏䛛䛡䛾཯ᛂ㏿ᗘᐃᩘ k 䛻䜘䜛
⾲⌧䛸䛺䜛䠊(0. 3)ᘧ䛻䛚䛔䛶 a䛿㓟⣲྾╔䛾ึᮇ㏿ᗘ䠈D 䛿ᐃᩘ䠈qO2䛿㓟⣲྾╔㔞䛷






㻌 㓟⣲⃰ᗘ౫Ꮡᛶ䛿㓟⣲⃰ᗘ䛾 n ஌䛻ẚ౛䛩䜛䛸䛔䛳䛯௬ᐃ䛜୺䛻⏝䛔䜙䜜䠈Wang 䜙
[48]䛻䜘䜛䛸䠈䛚䛚䜐䛽㓟⣲⃰ᗘ䛾 0 ~ 1஌䛻ẚ౛䛩䜛䠊 
㻌 䛣䛾䜋䛛䛻䜒䠈㓟໬䛜䛒䜛⛬ᗘ㐍⾜䛩䜛䛸䠈䜘䜚ᑠ䛥䛺⣽Ꮝ䛷཯ᛂ䛜㉳䛣䜛䜘䛖䛻䛺䜚䠈཯
ᛂᚊ㏿䛛䜙ᣑᩓᚊ㏿䛻ኚ䜟䜛䛸䛧䛶ᣑᩓᚊ㏿᮲௳ୗ䛷㏿ᗘゎᯒ䜢⾜䛳䛯ሗ࿌䜒䛒䜛[48]䠊
䜎䛯䠈▼Ⅳ䛾㓟໬ᶵᵓ䛜 2㏻䜚䛒䜛䛸䛔䛖⪃䛘䛻ᇶ䛵䛝䠈Krishnaswamy䜙[11, 12]䜔 Karsner




























(1) 51.1 ~ 54.0




Mahidin et al.[50] TGA ᙓ໗≏ોឋ໗ írO2 = k0eíE/RTCO2 45 ~ 83 8.9 ~ 40.9
Wire basket method ᙓ໗≏
᣿ޓطฆӳ໗
írcoal = k0eíE/RT 120 ~ 170 102.8 ~ 125.1







w aOa1O 22 M  (0. 4) 





㏿ᗘ䛸ྠᵝ䛾ゎᯒ䛜⾜䜟䜜䜛䠊䛣䛾䛸䛝䠈(0. 1)ᘧ ~ (0. 3)ᘧ䛾཯ᛂ㏿ᗘᐃᩘ䛚䜘䜃㓟⣲
྾╔ึᮇ㏿ᗘ䛻䛒䛯䜛್䛿䠈䛭䜜䜙䛸཯ᛂ䜶䞁䝍䝹䝢䞊䛸䛾✚䛾ᙧ䛻䛺䛳䛶ồ䜑䜙䜜䜛䠊




















































































㻌 ➨ 3 ❶䛷䛿䠈๓❶䛷▼Ⅳ䛾ప 㓟໬ᛶ䛾ᢚไ䛻᭷ຠ䛷䛒䜛ྍ⬟ᛶ䛜♧䛥䜜䛯⁐๣ฎ
⌮䛻╔┠䛧䠈✀䚻䛾పရ఩Ⅳ⣲㈨※䛻ᑐ䛧䛶⁐๣ฎ⌮ἲ䛾㐺⏝ྍ⬟ᛶ䜢᳨ウ䛩䜛䛸䛸䜒
䛻䠈ᚓ䜙䜜䛯ฎ⌮ヨᩱ䛾ᛶ≧䜢ㄪ䜉䠈⁐๣ฎ⌮䛜⮬↛Ⓨⅆᢚไฎ⌮䛸䛧䛶䛰䛡䛷䛺䛟⬺
Ỉ䞉ᨵ㉁䜒ྠ᫬䛻ᐇ⌧䛷䛝䜛䠈ᅗ 0. 1୰䛾 Level 2䛻┦ᙜ䛩䜛ฎ⌮䛷䛒䜛䛛䜢᳨ウ䛧䛯䠊 
㻌 ➨ 4❶䛷䛿䠈3✀㢮䛾▼Ⅳ䛻䛴䛔䛶ప 㓟໬䛾཯ᛂ㏿ᗘゎᯒ䜢⾜䛳䛯䠊ప 㓟໬䛿」
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➨ 1❶ ▼Ⅳ䛾ప 㓟໬ᶵᵓ䛾ゎ᫂ 
 


















1. 2. ᐇ㦂 
 
㻌 ヨᩱ䛸䛧䛶䠈㇦ᕞ⏘〓Ⅳ䛷䛒䜛 Loy Yang Ⅳ(LY Ⅳ)䠈⡿ᅜ⏘ள℡㟷Ⅳ䛷䛒䜛 Powder 
River BasinⅣ(PRBⅣ)䠈⡿ᅜ⏘℡㟷Ⅳ䛷䛒䜛 AlabamaⅣ(ALⅣ)䜢⏝䛔䛯䠊䛔䛪䜜䛾▼






(d. a. f. = dry ash free (↓⅊↓Ỉᇶ‽), d. b. = dry basis (஝⇱ᇶ‽), a. r. = as received (฿╔ᇶ‽)) 
 
1. 2. 1. 㔜㔞ኚ໬䛚䜘䜃䜺䝇⏕ᡂ㏿ᗘ 
 
㻌 ▼Ⅳ䛾㔜㔞ኚ໬䛚䜘䜃䜺䝇⏕ᡂ㏿ᗘ䛿ᅗ 1. 1 䛻♧䛩䜘䛖䛺䝬䜲䜽䝻䜺䝇䜽䝻䝬䝖䜾䝷䝣
(Varian, CP-4900)䜢┤⤖䛧䛯⇕ኳ⛗(Shimadzu, TGA-50)䜢⏝䛔䛶ྠ᫬䛻 ᐃ䛧䛯䠊䛣䜜
䜙䜢ྠ᫬䛻 ᐃ䛩䜛䛣䛸䛷䠈≀㉁཰ᨭ䛚䜘䜃ඖ⣲཰ᨭ䜢䛸䜛䛣䛸䛜䛷䛝䜛䠊ヨᩱ䜈䛾཯ᛂ
⇕䛾⵳⇕䜢㑊䛡䜛䛯䜑䠈ヨᩱ㔞䛿⣙ 2 mg-d a. f.䛸䛧䛯䠊ヨᩱ䜢⇕ኳ⛗䛻ධ䜜䠈䝦䝸䜴䝮㞺
Sample
Loy Yang (LY)
Powder River Basin (PRB)
Alabama (AL)
Elemental composition [wt% d. a. f.]
C H N O (diff)
68.2 4.6 0.6 26.5
73.2 5.0 1.0 20.7
81.4 5.7 1.6 11.3



















ᘙ 1. 1. ̅ဇẲẺჽ໗ỉࣱཞ 























ᅖẼୗ䠈110 °C䛷 30ศಖᣢ䛩䜛䛣䛸䛷ヨᩱ୰䛾Ỉศ䜢㝖ཤ䛧䛯䠊䛭䛾ᚋ䠈40 °C䜎䛷෭
༷䛧䠈 ᗘ䛜Ᏻᐃ䛧䛯䛸䛣䜝䛷㞺ᅖẼ䜺䝇䜢䝦䝸䜴䝮䛛䜙ᶍᨃ✵Ẽ(22 % O2/He)㞺ᅖẼ䛻
ษ䜚᭰䛘䠈5 K/min䛷᪼ 䛧䠈1⛊㛫㝸䛷▼Ⅳ䛾㔜㔞䜢 ᐃ䛧䛯䠊⇕ኳ⛗䛻౪⤥䛩䜛䜺䝇
䛾ὶ㔞䛿 50 cm3/min 䛸䛧䛯䠊 
㻌 ⏕ᡂ䛧䛯䜺䝇䛿䝬䜲䜽䝻䜺䝇䜽䝻䝬䝖䜾䝷䝣䛷 110⛊䛚䛝䛻 ᐃ䛧䛯䠊䜹䝷䝮䛿MS-5A䛚




1. 2. 2. Ⓨ⇕㏿ᗘ 
 
㻌 Ⓨ⇕㏿ᗘ䛿♧ᕪ㉮ᰝ⇕㔞ィ (Differential scanning calorimeter, DSC; Shimadzu, 
DSC-60)䜢⏝䛔䛶 ᐃ䛧䛯䠊ヨᩱ䛿⇕ኳ⛗䜢⏝䛔䝦䝸䜴䝮㞺ᅖẼୗ䠈110 °C䛷 30ศಖᣢ








1. 2. 3. ▼Ⅳ୰䛾ᐁ⬟ᇶ㔞ኚ໬ 
 







ほᐹ⠊ᅖ䛾⤠䜚䜢ㄪᩚ䛧䠈ᶍᨃ✵Ẽὶ㏻㞺ᅖẼ䛾䜒䛸 5 K/min䛷 500 °C䜎䛷᪼ 䛧䛯䠊




1. 3. ⤖ᯝ䛸⪃ᐹ 
 
1. 3. 1. 㔜㔞ኚ໬䠈䜺䝇⏕ᡂ㏿ᗘ䛚䜘䜃Ⓨ⇕㏿ᗘ 
 
㻌 LY Ⅳ䠈PRB Ⅳ䛚䜘䜃 AL Ⅳ䛾㓟໬㐣⛬䛻䛚䛡䜛㔜㔞ኚ໬䠈䜺䝇⏕ᡂ㏿ᗘ䛚䜘䜃Ⓨ⇕
㏿ᗘ䜢ᅗ 1. 2 ~ 1. 4䛻䛭䜜䛮䜜♧䛩䠊䛣䜜䜙䛾ᅗ䜘䜚䠈3✀㢮䛾▼Ⅳ䛾㓟໬㐣⛬䛻䛚䛡䜛
ඹ㏻Ⅼ䛸䛧䛶䠈᭱ึ䛾䜺䝇⏕ᡂ≀䛜H2O䛷䛒䜛䛣䛸䠈Ⓨ⇕㏿ᗘ䛿 350 °C௨ୗ䛸 350 °C௨
ୖ䛷䛭䜜䛮䜜䝢䞊䜽䜢᭷䛧䛶䛚䜚䠈䜺䝇䛾⏕ᡂ㏿ᗘ䛜኱䛝䛔䜋䛹Ⓨ⇕㏿ᗘ䜒኱䛝䛟䛺䜛䛣
䛸䠈350 °C௨ୖ䛷䛿ከ㔞䛾 CO2䠈H2O䠈䛚䜘䜃 CO䛜⏕ᡂ䛩䜛䛣䛸䛜䛒䛢䜙䜜䜛䠊 
㻌 ୍᪉䠈350 °C௨ୗ䛷䛿ཎⅣ䛻䜘䛳䛶␗䛺䜛㓟໬ᣲື䛜ほᐹ䛥䜜䛯䠊LYⅣ䛷䛿 100 °C
௜㏆䛛䜙㔜㔞ῶᑡ䛜䜏䜙䜜䛯䠊H2O䛿 120 °C௜㏆䛛䜙䠈CO2䛿 200 °C௜㏆䛛䜙䠈CO䛿
220 °C௜㏆䛛䜙䛭䜜䛮䜜 ᐃ䛥䜜䛯䠊䜎䛯䠈Ⓨ⇕㏿ᗘ䛿 150 °C௜㏆䛷ṇ䛾್䜢䛸䜛䜘䛖
䛻䛺䛳䛯䠊PRBⅣ䛿 LYⅣ䛸ఝ䛯䜘䛖䛺ᣲື䜢♧䛧䛯䛜䠈㔜㔞ኚ໬㏿ᗘ䛚䜘䜃䜺䝇⏕ᡂ㏿
ᗘ䛜LYⅣ䜘䜚䜒ᑠ䛥䛛䛳䛯䠊䛣䜜䛿䠈LYⅣ䛾䜋䛖䛜㓟⣲䛸䛾཯ᛂᛶ䛜㧗䛔䛣䛸䜢♧၀䛧䛶
䛔䜛䠊୍᪉䠈ALⅣ䛿௚䛾 2✀㢮䛾▼Ⅳ䛸␗䛺䜚䠈100 °C䛛䜙 300 °C䛻䛚䛔䛶㔜㔞ቑຍ



















































































׋ 1. 3. PRB໗ỉ˯ภᣠ҄ਫѣ 




















































































  (1. 1) 
䛴䜎䜚䠈㔜㔞ኚ໬䛻㛵ಀ䛺䛟䠈ᅛయ୰䛾㓟⣲㔜㔞䛜ῶ䜛䛸䠈nO 䛿ᑠ䛥䛟䛺䜚䠈㓟໬㛤ጞ᫬
䛾ᅛయ୰䛾㓟⣲㔜㔞䛜䛒䜛 ᗘ䛷䛾ᅛయ䛾㓟⣲㔜㔞䛸➼䛧䛡䜜䜀 nO 䛿ྠ䛨್䛸䛺䜛䠊
300 °C௨ୗ䛻䛚䛡䜛ྛヨᩱ䛾ᅛయ⏕ᡂ≀୰䛾 nO䛾 ᗘኚ໬䜢ᅗ 1. 5 ~ 1. 7䛻♧䛩䠊䜎
䛯䠈H2O⏕ᡂ㏿ᗘ䛚䜘䜃㔜㔞ኚ໬䜒ྠᅗ୰䛻♧䛧䛯䠊 
㻌 LYⅣ䛚䜘䜃 PRBⅣ䛷䛿㔜㔞ῶᑡ䛚䜘䜃H2O⏕ᡂ䛜䜏䜙䜜䛯 ᗘᇦ䛷䜒 nO䛜䜋䜌୍
ᐃ䛸䛺䛳䛯䠊䜒䛧䠈⇕ศゎ䛻䜘䛳䛶H2O䛜⏕ᡂ䛧䛯䛸௬ᐃ䛩䜛䛸䠈H2O䛾⏕ᡂ䛻క䛔䠈㓟⣲
ྵ᭷⋡䛿పୗ䛩䜛䠊䛴䜎䜚䠈LY Ⅳ䛚䜘䜃 PRB Ⅳ䛷䛿䠈཯ᛂึᮇ䛻䛚䛔䛶 H2O 䛸䛧䛶ᅛ
య䛛䜙㝖ཤ䛥䜜䛯㓟⣲䛾㔞䛸ྠ䛨㔞䛾㓟⣲䛜྾╔䛧䛯䠈䜒䛧䛟䛿䠈Ẽ┦䛾㓟⣲䛸▼Ⅳ୰䛾





























































































































































































































































1. 3. 2. ᐁ⬟ᇶ㔞䛾ኚ໬ 
 
㻌 㓟໬㐣⛬䛻䛚䛡䜛 FT-IR䝇䝨䜽䝖䝹䛾 ᗘኚ໬䜢ᅗ 1. 8 ~ 1. 10䛻♧䛩䠊䛔䛪䜜䛾▼Ⅳ
䜒 ᗘ䛜ୖ䛜䜛䛻䛴䜜䛶ᕥഃ䛾ᅗ䛻♧䛩䜘䛖䛻 2840 ~ 2920 cmí1䛻䛒䜛⬡⫫᪘Ⅳ⣲䛚䜘
䜃 2600 ~ 3600 cmí1䛻䛒䜛Ỉ㓟ᇶ䛾䝢䞊䜽䛜ᚎ䚻䛻ᑠ䛥䛟䛺䛳䛯䠊୍᪉䠈ྑഃ䛾ᅗ䛷䛿





















































































䜻䝅䝹ᇶ䛾䝢䞊䜽䛜ቑຍ䛧䠈ḟ䛻䠈220 °C ~ 260 °C䛻䛚䛔䛶䜶䝇䝔䝹ᇶ䛾䝢䞊䜽䛜ቑຍ
䛧䛯䠊䛭䛾ᚋ䠈260 °C ~ 300 °C䛻䛚䛔䛶㓟↓Ỉ≀䛾䝢䞊䜽䛜ቑຍ䛧䛯䠊᭱⤊ⓗ䛻䛿䛩䜉
䛶䛾䝢䞊䜽䛜ῶᑡ䛧䠈360 °C௨㝆䛷䛿䛩䜉䛶䛾䝢䞊䜽䛜ぢ䜙䜜䛺䛟䛺䛳䛯䠊 
㻌 䜘䜚ヲ⣽䛺ᐁ⬟ᇶ㔞䛾ኚ໬䜢䜏䜛䛯䜑䠈䛣䜜䜙䛾䝇䝨䜽䝖䝹䜢䜹䞊䝤䝣䜱䝑䝔䜱䞁䜾䛻䜘䜚䠈
2000 ~ 4000 cmí1䛿⾲ 1. 2䛻♧䛩 10ಶ䛾䝢䞊䜽䛻䠈1500 ~ 2000 cmí1䛿⾲ 1. 3䛻♧䛩
10ಶ䛾䝢䞊䜽䛻䛭䜜䛮䜜ศ๭䛧䛯[2, 3]䠊䛭䜜䛮䜜䛾䝢䞊䜽㠃✚䜢ィ⟬䛩䜛䛣䛸䛷䠈ᐁ⬟ᇶ





䛥䜙䛻䠈1610 cm䌦1௜㏆䛾ⰾ㤶⎔䛾 C-C ⤖ྜ䛻ᑐᛂ䛩䜛䝢䞊䜽䛿䛒䜎䜚ῶ䛳䛶䛔䛺䛔䛣䛸





䜙䜜䠈䜹䝹䝪䜻䝅䝹ᇶ䛿䠈LYⅣ䛷䛿 200 °C௜㏆䛷䠈PRBⅣ䛚䜘䜃ALⅣ䛷䛿 240 °C௜
㏆䛷᭱኱䛸䛺䛳䛯䠊䜶䝇䝔䝹ᇶ䛷䛿䛔䛪䜜䛾▼Ⅳ䜒 260 °C௜㏆䛷䠈㓟↓Ỉ≀䛿 LYⅣ䛚
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ᘙ 1. 2. 2000 ~ 4000 cmí1ỉἦὊἁɟᚁ 





2840 aliphatic C–H stretching band
2920 aliphatic C–H stretching band
2940 OH–N (acid/base structures)
3050 aromatic C–H stretching band
3150 tightly bound cyclic OH tetramers
3280 OH–ether O





1560 carboxylate anion COOí symmetric mode
1580 carboxylate anion COOí asymmetric mode
1610 aromatic C=C bond




1800 anhydride asymmetric mode





















































































































㻌 ௨ୖ䛾⤖ᯝ䛛䜙䚸▼Ⅳ䛾㓟໬㐣⛬䛻䛿ᅗ 1. 14䛻♧䛩䜘䛖䛻኱䛝䛟ศ䛡䛶3䛴䛾ẁ㝵䛜
䛒䜛䛸⪃䛘䜙䜜䜛䠊1 ẁ㝵┠䛿▼Ⅳ䛾⬡⫫᪘Ⅳ⣲ୖ䜈䛾㓟⣲䛾྾╔䠈2 ẁ㝵┠䛿䜺䝇䛾
⏕ᡂ䜢క䛖ྵ㓟⣲ᐁ⬟ᇶ䛾㓟໬䠈3 ẁ㝵┠䛿▼Ⅳ㦵᱁䠈䛴䜎䜚▼Ⅳ඲య䛾㓟໬䛷䛒䜚ከ
㔞䛾 CO2䠈H2O䛚䜘䜃 CO䛜⏕ᡂ䛩䜛䠊ᅗ 1. 14䛻䛿 LYⅣ䛾㓟໬䛻䛚䛔䛶䛭䜜䛮䜜䛾
ྵ㓟⣲ᐁ⬟ᇶ㔞䛜ቑຍ䛧䛯 ᗘᇦ䜢♧䛧䛯䠊PRB Ⅳ䛾㓟໬䛷䛿䠈LY Ⅳ䛾㓟໬䛸ྠᵝ䛻




䛧䛶 240 °C ~ 300 °C䛻䛚䛔䛶㓟↓Ỉ≀䛜ቑຍ䛧䛯䠊LYⅣ䛚䜘䜃PRBⅣ䛷䛿 1ẁ㝵┠䛸
2 ẁ㝵┠䛜ྠ᫬䛻㉳䛣䛳䛯䛯䜑䠈཯ᛂึᮇ䛷㔜㔞ῶᑡ䛸 H2O ⏕ᡂ䛜ほᐹ䛥䜜䛯䠊୍᪉䠈
℡㟷Ⅳ䛷䛒䜛 ALⅣ䛾㓟໬䛷䛿 100 °C ~ 140 °C䛷㓟⣲྾╔䛻䜘䜛㔜㔞ቑຍ䛜⏕䛨䛯䠊
ྵ㓟⣲ᐁ⬟ᇶ㔞䛜ቑຍ䛩䜛 ᗘᇦ䛿〓Ⅳ䛾㓟໬䛻䛚䛡䜛 ᗘᇦ䜘䜚䜒㧗 ഃ䛻䝅䝣䝖䛧䠈
140 °C ~ 240 °C䛷䜹䝹䝪䜻䝅䝹ᇶ䛜䠈180 °C ~ 260 °C䛷䜶䝇䝔䝹ᇶ䛜䠈260 °C ~ 340 °C
䛷㓟↓Ỉ≀䛜䛭䜜䛮䜜ቑຍ䛧䛯䠊ᮏ◊✲䛻䜘䜚᫂䜙䛛䛻䛧䛯ྵ㓟⣲ᐁ⬟ᇶ䛾⏕ᡂᶵᵓ
䛿䛣䜜䜎䛷䛻ᥦ᱌䛥䜜䛶䛝䛯ప 㓟໬ᶵᵓ[4~6]䛾䛺䛛䛷䜒 Yürüm 䜙[4]䛜ᥦ᱌䛧䛯཯ᛂᶵ
































140 ~ 200°C 200 ~260°C 260 ~300°C 360°C ~













































































































































































































































































































































㻌 䛒䜛 ᗘ䛻⮳䜛䜎䛷䛻⏕䛨䛯Ⓨ⇕㔞䛸㓟⣲ᾘ㈝㔞䜢Ⅳ⣲ཎᏊ 100 mol ᇶ‽䛷ồ䜑䛯䠊








䛚䛡䜛㓟⣲ᾘ㈝㔞䠈㓟⣲ཎᏊ 1 mol䛒䛯䜚䛾䜏䛛䛡䛾཯ᛂ䜶䞁䝍䝹䝢䞊䛚䜘䜃 200 °C䜎
䛷䛾Ⓨ⇕䛻䜘䜛᩿⇕ ᗘୖ᪼䜢⾲ 1. 4䛻♧䛩䠊 





䛺䜚䠈᭱䜒㉁䛾ప䛔 LYⅣ䛜᭱䜒㓟⣲䛸䛾཯ᛂᛶ䛜㧗䛟䛺䛳䛯䠊䛣䜜䜙䛾್䜘䜚䠈200 °C 䜎
䛷䛻▼Ⅳ୰䛾Ỉ⣲䛾䛖䛱 LYⅣ䛷䛿 8 %䛜䠈PRBⅣ䛷䛿 5 %䛜䛭䜜䛮䜜 H2O䛻㓟໬䛥
䜜䛯䛣䛸䛻䛺䜛䠊 


































































































































































































㻌 䛣䛣䛷䠈ྛ䜺䝇䛾⏕ᡂ㔞䛾✚⟬್䜒ᅗ 1. 16 ~ 1. 18䛻♧䛧䛯䠊H2O 1 mol䜒䛧䛟䛿 CO2 1 
mol ⏕ᡂ䛩䜛䛾䛻Ẽ┦䛾㓟⣲ཎᏊ 1 mol 䛜ᾘ㈝䛥䜜䜛䛸௬ᐃ䛩䜛䛸䠈㯮䛾◚⥺䛸⥳䛾◚
⥺䛾㛫䛜ᅛయ⏕ᡂ≀䛸䛺䛳䛯㓟⣲䛾㔞䛻┦ᙜ䛩䜛䠊䛣䛾௬ᐃ䜢⏝䛔䜛䛸䠈200 °C 䛻䛚䛡








䛧䛯䠊䜎䛯䠈PRBⅣ䛚䜘䜃 ALⅣ䛷䛿䛔䛪䜜䜒 180 °C⛬ᗘ䛷䛒䛳䛯䠊✀䚻䛾≀㉁䛾Ⓨⅆ





















































㻌 200 °C䜎䛷䛾㓟⣲ᾘ㈝㔞䛸㓟⣲ཎᏊ 1 mol䛒䛯䜚䛾཯ᛂ䜶䞁䝍䝹䝢䞊䜢ẚ㍑䛩䜛䛸䠈▼
Ⅳ䛾㉁䛜ప䛔㡰䛻㓟⣲ᾘ㈝㔞䛜኱䛝䛟䛺䜚䠈཯ᛂ䜶䞁䝍䝹䝢䞊䛾⤯ᑐ್䛜ᑠ䛥䛟䛺䛳䛯䠊 
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➨ 2❶ ๓ฎ⌮䛜ప 㓟໬ᣲື䛻ཬ䜌䛩ᙳ㡪 
 
2. 1. ⥴ゝ 
 
㻌 ➨ 1 ❶䜘䜚䠈▼Ⅳ䛾㓟໬ᶵᵓ䛿䜎䛪⬡⫫᪘Ⅳ⣲ୖ䛻㓟⣲䛜྾╔䛩䜛䛣䛸䛷㐣㓟໬≀䜢
⏕ᡂ䛧䠈ḟ䛻ᐁ⬟ᇶ㒊ศ䛜㓟໬䛥䜜䛶䜹䝹䝪䜻䝅䝹ᇶ䠈䜶䝇䝔䝹ᇶ䠈㓟↓Ỉ≀䛜⏕ᡂ䛧䠈
᭱⤊ⓗ䛻䛿▼Ⅳ඲య䛾㓟໬䛜㐍⾜䛩䜛䛣䛸䛜᫂䜙䛛䛻䛺䛳䛯䠊䛺䛛䛷䜒ప 㓟໬ᶵᵓ䛾













2. 2. ᐇ㦂 
 
2. 2. 1. ヨᩱ䛾ㄪ〇 
 









㻌 ⇕ศゎⅣ䛿䠈⇕ኳ⛗(Shimadzu, TGA-50)䜢⏝䛔䛶ㄪ〇䛧䛯䠊LYⅣ⣙4.5 mg-a. r.䜢⇕ኳ





㻌 ౑⏝䛧䛯⿦⨨䛾ᴫ␎ᅗ䜢ᅗ 2. 1䛻♧䛩䠊Loy YangⅣ⣙ 15 g-a. r.䛸⁐๣䛸䛧䛶↓ᴟᛶ⁐
፹䛷䛒䜛 1-䝯䝏䝹䝘䝣䝍䝺䞁 200 cm3䜢 SUS316〇䛾ᅽຊᐜჾ(ᐜ㔞 350 cm3䠈ෆᚄ 55 
mm䠈እᚄ 130 mm䠈⬗䛾㛗䛥 150 mm)䛻௙㎸䜏䠈ᅽຊᐜჾ୰䛾✵Ẽ䜢❅⣲䛷䝟䞊䝆䛧
䛯䛾䛱᧠ᢾ⩼䛷 300 rpm䛷᧠ᢾ䛧䛺䛜䜙䠈⣙ 4 K/min䛷 350 °C䜎䛷᪼ 䛧䠈1᫬㛫ಖᣢ
䛧䛯䠊䛭䛾ᚋ䠈ᐊ 䜎䛷෭༷䛧䠈Ẽయᡂศ䛿䜺䝇䝞䝑䜾䛷ᅇ཰䛧䠈⁐๣䜢ྵ䜐ᾮయᡂศ䛚
䜘䜃ᅛయᡂศ䛿ᐜ㔞 300 cm3䛾୸ᗏ䝣䝷䝇䝁䛻ᅇ཰䛧䛯䠊୸ᆺ䝣䝷䝇䝁ෆ䛾ヨᩱ䛿䝻䞊䝍





























㻌 ᕤᴗศᯒ䛿⇕ኳ⛗(Shimadzu, TGA-50)䜢⏝䛔䠈❅⣲㞺ᅖẼୗ䛷110 °C䛷30ศ㛫ಖᣢ
䛧䠈900 °C䜎䛷᪼ 䛧 30ศ㛫ಖᣢ䛧䛯䠊᪼ ㏿ᗘ䛿䛩䜉䛶 10 K/min䛷 900 °C䛷䛾ಖᣢ
୰䛷㔜㔞䛜Ᏻᐃ䛧䛯䛸䛝䛻㞺ᅖẼ䜺䝇䜢❅⣲䛛䜙ᅽ⦰✵Ẽ䛻ษ䜚᭰䛘⇞↝䛥䛫䛯䠊
110 °C 䜎䛷䛾㔜㔞ῶᑡ䛛䜙Ỉศ㔞䜢䠈900 °C 䜎䛷䛾㔜㔞ῶᑡ䛛䜙᥹Ⓨศ(VM; Volatile 














㻌 ྛヨᩱ䛾Ⓨ⇕㔞䛿(2. 1)䠈(2. 2)ᘧ䛻♧䛩Mott-Spoonerᘧ[3]䜢⏝䛔䛶↓Ỉ↓⅊ᇶ‽䛷䛾
㧗఩Ⓨ⇕㔞(higher heating value; HHV, Q)䛾್䜢᥎⟬䛧䛯䠊 
 
(1) (O)  15 %䛾䛸䛝 
 Q [kJ/kg] = 336.2(C) + 1419.3(H) + 94.2(S) í 145.3(O) (2. 1) 
(2) (O)  15 %䛾䛸䛝 







㻌 䛭䜜䛮䜜䛾ヨᩱ䛾Ⅳ⣲ᙧែศᕸ䜢Ⅳ⣲᰾☢Ẽඹ㬆ศᕸ⿦⨨(13C solid-state CP/MAS 





㻌 ヨᩱ䛾⣽Ꮝ⾲㠃✚(Sp)䛿䠈඲⮬ື䜺䝇྾╔⿦⨨(BEL JAPAN, Belsorp 28)䜢⏝䛔䛶































































































































































































2. 2. 3. 㓟໬ᣲື䛾 ᐃ 
 
㻌 1. 2. 1㡯䛚䜘䜃 1. 2. 2㡯䛸ྠᵝ䛻㔜㔞ኚ໬䠈䜺䝇⏕ᡂ㏿ᗘ䛚䜘䜃Ⓨ⇕㏿ᗘ䜢 5 K/min
䛷᪼ 䛧䛺䛜䜙 ᐃ䛧䛯䠊䛯䛰䛧䠈STC 䛿䛒䜙䛛䛨䜑䝦䝸䜴䝮㞺ᅖẼୗ䠈10 K/min 䛷
250 °C䜎䛷᪼ 䛧䠈ṧᏑ䛩䜛⁐๣䜢᏶඲䛻㝖ཤ䛧䛯䜒䛾䜢⏝䛔䛯䠊 
 
2. 3. ⤖ᯝ䛸⪃ᐹ 
 
2. 3. 1. ヨᩱ䛾ᛶ≧ 
 


























































㉁䛜⾜䜟䜜䛯䛣䛸䜢♧䛧䛶䛔䜛䠊䜺䝇⏕ᡂ≀䜢ྵ䜑䛯ඖ⣲཰⋡䜢ᅗ 2. 2 䛻♧䛩䠊䛣䛣䛷
H2O཰⋡䛿㓟⣲䛾཰ᨭ䜘䜚䠈Tar཰⋡䛿ᕪศ䜘䜚䛭䜜䛮䜜ィ⟬䛧䛯䠊䛣䛾ᅗ䜘䜚䠈⁐๣ฎ⌮
䛷䛿䠈85 %௨ୖ䛾Ⅳ⣲䛚䜘䜃Ỉ⣲䛜 STC䛻䛺䛳䛶䛚䜚䠈⇕ศゎἲ䛾䜘䛖䛻 Tar⏕ᡂ䛻䜘
䜛Ⅳ⣲䛚䜘䜃Ỉ⣲䛾䝻䝇䛜ᑡ䛺䛔䛯䜑䠈Ⓨ⇕㔞䛚䜘䜃཰⋡䛜኱䛝䛟䛺䛳䛯䛸⪃䛘䜙䜜䜛䠊 
㻌 䜎䛯䠈ྛヨᩱ䛾 13C-NMR䝇䝨䜽䝖䝹䜢ᅗ 2. 3䛻♧䛩䠊䛔䛪䜜䛾䝇䝨䜽䝖䝹䜒つ᱁໬䛧䛯
䜒䛾䛷䛒䜛䠊STC䠈Char䛸䜒䛻⬡⫫᪘Ⅳ⣲䛻┦ᙜ䛩䜛䝢䞊䜽(䜿䝭䜹䝹䝅䝣䝖 0 ~ 60 ppm)䛜
ῶᑡ䛧䠈ⰾ㤶᪘Ⅳ⣲䛻┦ᙜ䛩䜛䝢䞊䜽(䜿䝭䜹䝹䝅䝣䝖 90 ~ 175 ppm)䛜ቑຍ䛧䛯䠊⬡⫫᪘
Ⅳ⣲䛻┦ᙜ䛩䜛䝢䞊䜽䛿 STC 䛸 Char䛷䜋䛸䜣䛹ኚ䜟䜙䛺䛛䛳䛯䛜䠈ⰾ㤶᪘Ⅳ⣲䛾䝢䞊䜽
䛿 STC䛾䜋䛖䛜኱䛝䛟䛺䛳䛯䠊඲Ⅳ⣲ᩘ䛾䛖䛱ⰾ㤶᪘Ⅳ⣲䛾๭ྜ䜢♧䛩ⰾ㤶᪘Ⅳ⣲ᣦᩘ
(fa)䛿ཎⅣ䛷䛿 0.62䛷䛒䛳䛯䛾䛻ᑐ䛧䠈Char䛷䛿 0.76䠈STC䛷䛿 0.80 䛸኱䛝䛟䛺䛳䛯䠊䜎
䛯䠈䜹䝹䝪䜻䝅䝹ᇶ䛾䝢䞊䜽(䜿䝭䜹䝹䝅䝣䝖 175 ~ 200 ppm)䛜䜋䛸䜣䛹䛺䛟䛺䛳䛯䠊Ⅳ⣲
཰ᨭ䜘䜚 STC䛿ཎⅣ୰䛾䜋䛸䜣䛹䛾Ⅳ⣲䛜ṧ䛳䛶䛔䜛䛾䛻ᑐ䛧䠈Char䛷䛿୍㒊䛜 Tar 䛸
䛺䛳䛶䛔䜛䛣䛸䜒ྜ䜟䛫䜛䛸䠈ฎ⌮୰䛷 STC 䛿⬡⫫᪘Ⅳ⣲䛜ⰾ㤶᪘Ⅳ⣲䜈㌿᥮䛧䠈Char
Chemical Shift [ppm]
















































2. 3. 2. ฎ⌮Ⅳ䛾ప 㓟໬ᣲື 
 
㻌 STC 䛸 Char䛾㓟໬㐣⛬䛻䛚䛡䜛㔜㔞ኚ໬䠈䜺䝇⏕ᡂ㏿ᗘ䛚䜘䜃Ⓨ⇕㏿ᗘ䜢ᅗ 2. 4䛚
䜘䜃ᅗ2. 5䛻♧䛩䠊䛔䛪䜜䛾ฎ⌮Ⅳ䜒䛩䛷䛻350 °C䜎䛷ຍ⇕ฎ⌮䛥䜜䛶䛔䜛䛻䜒䛛䛛䜟
䜙䛪 80 °C௜㏆䛛䜙㓟໬䛜㐍⾜䛧䛯䠊䛣䜜䛿 350 °C⛬ᗘ䛾⇕ฎ⌮䛷䛿㓟⣲䛸䛾཯ᛂ䛧䜔
䛩䛔㒊ศ䜢᏶඲䛻䛿ྲྀ䜚㝖䛟䛣䛸䛜䛷䛝䛺䛔䛣䛸䜢♧䛧䛶䛔䜛䠊཯ᛂึᮇ䛷㔜㔞ቑຍ䛜ぢ
䜙䜜䠈Char䛾䜋䛖䛜 STC䜘䜚䜒ቑຍ㔞䛜኱䛝䛟䠈Char䛾䜋䛖䛜䜘䜚ከ䛟䛾㓟⣲䛜྾╔䛧䛯䛣
䛸䜢♧၀䛧䛶䛔䜛䠊䜎䛯䠈㔜㔞ῶᑡ䛜ጞ䜎䜛 ᗘ䛿 Char䛾䜋䛖䛜 10 °C䜋䛹ప䛛䛳䛯䠊䜺
䝇⏕ᡂᣲື䛿䠈STC 䛸 Char䛿㠀ᖖ䛻ఝ䛶䛚䜚䠈᭱ึ䛾⏕ᡂ≀䛿 H2O䛷䛒䜚 300 °C௜㏆
䛷ᑠ䛥䛺䝢䞊䜽䛜䜏䜙䜜䛯䠊䜎䛯䠈350 °C௨ୖ䛷䛿ከ㔞䛾 CO2䛜⏕ᡂ䛧䠈H2O䛾⏕ᡂ㏿
ᗘ䛸 CO䛾⏕ᡂ㏿ᗘ䛿䛚䛚䜘䛭ྠ䛨䛷䛒䛳䛯䠊䜺䝇⏕ᡂᣲື䛾㐪䛔䛿䠈350 °C௨ୗ䛻䛚
䛡䜛 H2O⏕ᡂ㏿ᗘ䛷䜏䜙䜜䠈H2O䛾⏕ᡂ㛤ጞ ᗘ䛜 STC䛷䛿 200 °C௜㏆䠈Char䛷䛿
170 °C ௜㏆䛷䛒䜚䠈STC 䛾䜋䛖䛜䜘䜚ከ䛟䛾 H2O 䛜⏕ᡂ䛧䛯䠊䛣䛾䛣䛸䛿䠈STC 䛾䜋䛖䛜
Char 䜘䜚䜒Ỉ⣲ྵ᭷㔞䛜኱䛝䛔䛣䛸䛸ྜ⮴䛩䜛䠊Ⓨ⇕㏿ᗘ䛿䜺䝇⏕ᡂ㏿ᗘ䛸ఝ䛯䜘䛖䛺ᣲ
ື䜢♧䛧䠈Char䛾䜋䛖䛜䜘䜚ప 䛷 H2O䛜⏕ᡂ䛧䛯䜘䛖䛻 Char䛾Ⓨ⇕㏿ᗘ䛿 STC䜘䜚ప



























































































׋ 2. 4. LY STCỉ˯ภᣠ҄ਫѣ 



















































































































































































































































Oxygen mass fraction, nO
LY STC
׋ 2. 6. LY STCỉӒࣖИ஖ỆấẬỦ᣻᣽٭҄ύH2Oဃ঺ᡮࡇấợỎ
׍˳ᣠእԃஊྙ 





㻌 䜎䛯䠈(1. 1)ᘧ䛻䜘䜚 300 °C௨ୗ䛾㓟໬㐣⛬䛻䛚䛡䜛ᅛయ⏕ᡂ≀୰䛾㓟⣲ྵ᭷⋡(nO)䠈
㔜㔞ኚ໬䛚䜘䜃H2O⏕ᡂ㏿ᗘ䜢ᅗ2. 6䛚䜘䜃ᅗ2. 7䛻♧䛩䠊ᅛయ⏕ᡂ≀䛾㔜㔞ቑຍ᫬
䛻㓟⣲ྵ᭷⋡䛜ቑຍ䛧䛯䛣䛸䛛䜙䠈㓟⣲྾╔䛜୺䛻㐍⾜䛧䛯䛣䛸䛜䜟䛛䜛䠊䜎䛯䠈H2O䛾
⏕ᡂ㏿ᗘ䛜ቑຍ䛩䜛䛻క䛔䠈260 ~ 270 °C௨ୖ䛷䛿䠈㔜㔞ῶᑡ䛜ぢ䜙䜜䛯䛜䠈㓟⣲ྵ᭷
⋡䛿༢ㄪ䛻ቑຍ䛧䛶䛚䜚䠈H2O䛾⏕ᡂ䛻ᾘ㈝䛥䜜䛯㔞䜘䜚䜒ከ䛟䛾㓟⣲䛜྾╔䛧䛯䛣䛸䛜
䜟䛛䜛䠊300 °C䛻䛚䛔䛶 STC䛷䛿㓟⣲ྵ᭷⋡䛜 0.17 g/g-sample䛛䜙 0.23 g/g-sample䛻
ቑຍ䛧䠈Char䛷䛿㓟⣲ྵ᭷⋡䛜 0.21 g/g-sample䛛䜙 0.30 g/g-sample䛻ቑຍ䛧䛶䛚䜚䠈㓟
໬๓䛾㔜㔞ᇶ‽䛷 STC䛷䛿 5 wt%䠈Char䛷䛿 9 wt%䛾㓟⣲䛜྾╔䛧䛯䛣䛸䜢♧䛧䛶䛔䜛䠊




























2. 3. 4. ⮬↛Ⓨⅆᛶ䛸䛾ᑐᛂ 
 
㻌 ᅗ 2. 8䛚䜘䜃ᅗ 2. 9䛻 250 °C䜎䛷䛾Ⅳ⣲ 100 mol䛒䛯䜚䛾Ⓨ⇕㔞䛾✚⟬್䛚䜘䜃䜺䝇
⏕ᡂ㔞䜢㓟⣲ᾘ㈝㔞䛻ᑐ䛧䛶䝥䝻䝑䝖䛧䛯䠊䛭䜜䜙䛾ᅗ䜘䜚 1. 3. 4 ⠇䛸ྠᵝ䛻ồ䜑䛯
200 °C䛻䛚䛡䜛㓟⣲ᾘ㈝㔞䠈㓟⣲ཎᏊ1 mol䛒䛯䜚䛾䜏䛛䛡䛾཯ᛂ䜶䞁䝍䝹䝢䞊䠈▼Ⅳ1 
kg䛒䛯䜚䛾᩿⇕ ᗘୖ᪼䜢⾲2. 2䛻♧䛩䠊ฎ⌮Ⅳ䛾㓟⣲ᾘ㈝㔞䛿STC䛷2.1 mol-O/100 
mol-C䠈Char䛷 5.6 mol-O/100 mol-C 䛸䛺䛳䛯䠊200 °C௨ୗ䜎䛷䛻 LYཎⅣ䛸཯ᛂ䛧䛯㓟
⣲䛾㔞䛿4.6 mol-O/100 mol-C䛷䛒䜛䛣䛸䛛䜙䠈STC䛿ཎⅣ䜘䜚䜒ప 䛻䛚䛡䜛㓟⣲䛸䛾཯
ᛂᛶ䛜ప䛟䛺䛳䛯䛜䠈Char䛷䛿ཎⅣ䜘䜚䜒ప 䛷䛾㓟⣲䛸䛾཯ᛂᛶ䛜㧗䛟䛺䛳䛯䠊 
㻌 200 °C 䛷䛾䜏䛛䛡䛾཯ᛂ䜶䞁䝍䝹䝢䞊䛿 STC 䛷í210 kJ/mol-O䠈Char 䛷䛿í258 
kJ/mol-O䛷䛒䜚䠈LYཎⅣ䛾í145 kJ/mol-O䜘䜚䜒䛔䛪䜜䜒⤯ᑐ್䛜኱䛝䛟䛺䛳䛯䠊䛣䛾䛣䛸
䛛䜙䠈H2O 䛜⏕ᡂ䛩䜛཯ᛂ䛻䜘䜛Ⓨ⇕䜘䜚䜒▼Ⅳୖ䛻㓟⣲䛜྾╔䛩䜛཯ᛂ䛾Ⓨ⇕䛾䜋䛖
䛜኱䛝䛔䛣䛸䛜♧၀䛥䜜䜛䠊⏕ᡂ≀䛻╔┠䛩䜛䛸䠈䛔䛪䜜䛾ヨᩱ䜒 200 °C ௨ୗ䛷䛾⏕ᡂ
≀䛿ᅛయ⏕ᡂ≀䛸 H2O䛾䜏䛷䛒䛳䛯䠊H2O䛾㑅ᢥ⋡䛿 LYⅣ䛷 1䛷䛒䛳䛯䛾䛻ᑐ䛧䛶䠈
STC䛷 0.29䠈Char䛷 0.20䛷䛒䛳䛯䠊ฎ⌮Ⅳ䛾䜏䛛䛡䛾཯ᛂ䜶䞁䝍䝹䝢䞊䛿 H2O⏕ᡂ཯
ᛂ䛾䜒䛾䛸㓟⣲྾╔䛾䜒䛾䛸䛾࿴䛻䛺䛳䛶䛚䜚䠈䛭䛾๭ྜ䛿㑅ᢥ⋡䛻୍⮴䛩䜛䠊䛭䛣䛷䠈
H2O ⏕ᡂ཯ᛂ䛾䜶䞁䝍䝹䝢䞊䛜ཎⅣ䛾䜒䛾䛸ྠ䛨䛷䛒䜛䛸௬ᐃ䛩䜛䛸䠈㓟⣲྾╔䛾䜶䞁䝍




䜙[5]䛜ሗ࿌䛧䛶䛔䜛㓟⣲྾╔䛾཯ᛂ䜶䞁䝍䝹䝢䞊䛷䛒䜛í157 ~ í188 kJ/mol-O 䜔
Bradbury䜙[6]䛜ሗ࿌䛧䛶䛔䜛㓟⣲྾╔䛾཯ᛂ䜶䞁䝍䝹䝢䞊䛷䛒䜛 í146 ~ í230 kJ/mol-O
䜘䜚䜒⤯ᑐ್䛜኱䛝䛔䠊䜎䛯䠈䜾䝷䝣䜯䜲䝖䛾᏶඲㓟໬(C + O2 ĺ CO2)䛾཯ᛂ䜶䞁䝍䝹䝢䞊
׋ 2. 8. LY STCỉᣠእෞᝲ᣽ύዮႆ༏᣽ấợỎỾἋဃ঺᣽
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➨ 3 ❶㻌 ⁐๣ฎ⌮ἲ䛾⬺Ỉ䞉ᨵ㉁䜢క䛖⮬↛Ⓨⅆᢚไἲ䛸䛧䛶䛾
฼⏝ྍ⬟ᛶ 
 
3. 1. ⥴ゝ 
 













ᘙ 3. 1. ဇẟẺᚾ૰ỉࣱཞ 
Sample (Abbrev.) Elemental composition [wt% d. a. f.] Proximate analysis [wt% d. b.] Moisture
[wt% a. r.]
HHV
[MJ/kg]C H N O (diff) VM FC Ash
White Haven 81.5 5.4 1.9 11.2 28.8 64.9 6.3 3.8 33.4
Tanito Harum 73.1 5.2 1.5 20.2 39.4 51.3 9.3 11.9 29.6
Adaro 70.0 5.2 1.7 23.2 44.8 52.5 2.7 16.6 27.7
Pendopo 68.5 5.0 1.0 25.5 53.8 37.5 8.7 58.8 26.7
Loy Yang 68.2 4.6 0.6 26.5 48.1 50.2 1.7 57.8 25.9
Belarus Peat 58.9 4.9 3.3 32.9 53.3 35.1 11.7 30.2 22.5















3. 2. ᐇ㦂 
 




㻌 ౑⏝䛧䛯ヨᩱ䛿䠈℡㟷Ⅳ䛷䛒䜛䜸䞊䝇䝖䝷䝸䜰⏘䛾 White HeavenⅣ(WH)䠈ள℡㟷Ⅳ䛷
䛒䜛䜲䞁䝗䝛䝅䜰⏘䛾 Tanito HarumⅣ(TH)䛚䜘䜃 AdaroⅣ(AD)䛾 2✀㢮䠈〓Ⅳ䛷䛒䜛䜲
䞁䝗䝛䝅䜰⏘䛾 PendopoⅣ(PD)䛚䜘䜃䜸䞊䝇䝖䝷䝸䜰⏘䛾 Loy YangⅣ(LY)䛾 2✀㢮䠈Ἶ
Ⅳ䛷䛒䜛䝧䝷䝹䞊䝅⏘䛾 Belarus Peat (BP)䠈䛚䜘䜃䝞䜲䜸䝬䝇䛷䛒䜛᪥ᮏ⏘䛾✄䜟䜙(RS)
䛾 9✀㢮䛷䛒䜛䠊ྛヨᩱ䛾ᛶ≧䜢⾲ 3. 1䛻♧䛩䠊Ⅳ⣲ྵ᭷⋡䛿 81.5 ~ 46.5 wt%䠈㓟⣲ྵ





㻌 ⁐๣ฎ⌮䛻⏝䛔䛯⿦⨨ᴫ␎䜢ᅗ 3. 1䛻♧䛩䠊2. 2. 1㡯(2)䛸ྠᵝ䛻䠈ヨᩱ⣙ 15 g-a. r.䜢
1-䝯䝏䝹䝘䝣䝍䝺䞁 200 cm3୰䛷 350 °C 䛻䛚䛔䛶 1 ᫬㛫ฎ⌮䛩䜛䛣䛸䛷⁐๣ฎ⌮ヨᩱ
(Solvent Treated Product; STP)䜢ㄪ〇䛧䛯䠊䜎䛯䠈STP 䛾ᛶ≧䜢ヲ⣽䛻᳨ウ䛩䜛䛯䜑䠈














䛳䛯䠊⇕ศゎฎ⌮䛻䛿ᅗ 3. 2䛻♧䛩䜘䛖䛻 SUS〇䛾 1/2䜲䞁䝏⟶(㛗䛥 10 cm)䛷స〇䛧
䛯཯ᛂჾ䜢⏝䛔䛯䠊཯ᛂჾ䛻ヨᩱ⣙ 2 g-a. r.䜢඘ሸ䛧䠈཯ᛂჾෆ❅⣲䛷䝟䞊䝆䛧䛯䛾䛱
















Reservoir 350 mL 







3. 2. 2. ⏕ᡂ≀䛾ᛶ≧ศᯒ 
 
㻌 ๓❶ 2. 2. 2㡯䛸ྠᵝ䛻⏕ᡂ≀䛾䜺䝇⏕ᡂ≀䠈ᕤᴗศᯒ್䠈ඖ⣲⤌ᡂ䠈Ⅳ⣲ᙧែศᕸ䛚
䜘䜃⣽Ꮝ⾲㠃✚䜢 ᐃ䛧䛯䠊䜎䛯䠈ඖ⣲⤌ᡂ䛛䜙(2. 1)䛚䜘䜃(2. 2)ᘧ䛻䜘䜚Ⓨ⇕㔞䜢᥎⟬
䛧䛯䠊 
㻌 䛥䜙䛻䠈ᅛయ⏕ᡂ≀䛾 FT-IR 䝇䝨䜽䝖䝹䜢 KBr 㘄๣ἲ䛷 ᐃ䛧䛯䠊⢊ᮎ≧ KBr ヨᩱ
(120-63380䠈䜻䝅䝎໬Ꮫ)⣙ 500 mg䛻ヨᩱ⣙2.5 mg-d. a. f.䜢ΰ䛬䛶䠈ங㖊䛷ヨᩱ䜢⣽䛛
䛟䠈ᆒ୍䛻䛺䜛䜘䛖䛻ΰྜ䛧䠈┿✵஝⇱ᶵ䛷┿✵୰䠈80 °C䛷 30ศ㛫஝⇱䛧䛯䠊஝⇱ᚋ䛾
ヨᩱ䜢 200 mg㔞䜚䛸䜚䠈ἜᅽᘧKBr㘄๣ᡂᆺჾ(200-32010䠈ᓥὠGLC)䛻䜘䜚䠈20 MPa








3. 2. 3.  65 °C䛻䛚䛡䜛㓟⣲྾╔ᣲ  ື
 
㻌 2 ✀㢮䛾〓Ⅳ䠈LY Ⅳ䛚䜘䜃 PRB Ⅳ䛾ཎⅣ䠈⁐๣ฎ⌮ヨᩱ䛚䜘䜃⇕ኳ⛗୰䝦䝸䜴䝮㞺
ᅖẼୗ䛷 350 °C䛷 1᫬㛫⇕ฎ⌮䛧䛯⇕ศゎⅣ(Char)䛻䛴䛔䛶ప 䛻䛚䛡䜛㓟⣲䛸䛾཯
ᛂᛶ䜢ホ౯䛧䛯䠊Soluble䛿ప 䛷᥹Ⓨ䛩䜛䛯䜑䠈๓❶䛾䜘䛖䛺᪼ 㐣⛬䛷䛿䠈㓟໬䛸䛸䜒
䛻᥹Ⓨ䜒㉳䛣䜚䠈㓟໬ᣲື䛾䜏䛾 ᐃ䛜ᅔ㞴䛸䛺䜛䠊䛭䛣䛷䠈➼ 㐣⛬䛻䛚䛡䜛㓟໬ᣲື
䜘䜚ప 㓟໬ᛶ䜢ホ౯䛧䛯䠊 ᐃ䛻䛿䠈1. 2. 1㡯䛾ᅗ 1. 1䛻♧䛧䛯䝬䜲䜽䝻䜺䝇䜽䝻䝬䝖䜾
䝷䝣䜢┤⤖䛧䛯⇕ኳ⛗䜢⏝䛔䛯䠊ప 㓟໬ᛶ䛾ホ౯䛻⏝䛔䛯 ᗘ䝥䝻䝣䜯䜲䝹䜢ᅗ 3. 3
䛻♧䛩䠊ヨᩱ⣙ 10 mg-d. a. f.䜢⇕ኳ⛗䛻ධ䜜䠈䝦䝸䜴䝮ὶ㏻㞺ᅖẼ䛾䜒䛸䠈ཎᩱ䛚䜘䜃
Char䛿 20 K/min䛷 110 °C䜎䛷᪼ 䛧 30ศ㛫ಖᣢ䛩䜛䛣䛸䛷Ỉศ䜢䠈⁐๣ฎ⌮䜢᪋䛧䛯














































He 22 % O2/He
Adsorption
Time [min]
0 50 100 150 200 250










3. 3. ⤖ᯝ䛸⪃ᐹ 
 
3. 3. 1. ⏕ᡂ≀䛾཰⋡ 
 































































㻌 ⁐๣ฎ⌮䛻╔┠䛩䜛䛸䠈ᅛయ⏕ᡂ≀䛷䛒䜛 STP 䛸䛭䛾䝣䝷䜽䝅䝵䞁䛷䛒䜛 Residue䠈
Deposit 䛚䜘䜃 Soluble 䛿䛔䛪䜜䜒᏶඲䛻⬺Ỉ䛥䜜䛶䛔䛯䠊ฎ⌮୰䛾୺䛺䜺䝇⏕ᡂ≀䛿
CO2 䛷䛒䜚䠈䜘䜚㉁䛾ప䛔ཎᩱ䜋䛹ከ䛟䛾 CO2 䛜⏕ᡂ䛧䛯䠊Residue䠈Deposit 䛚䜘䜃
Soluble 䛻䛴䛔䛶ẚ㍑䛩䜛䛸䠈BP 䜢㝖䛟䛸Ⅳ⣲ྵ᭷⋡䛜ᑠ䛥䛔䜋䛹⁐๣ྍ⁐ᡂศ䛷䛒䜛






3. 3. 2. ฎ⌮ヨᩱ䛾ඖ⣲⤌ᡂ䠈Ⓨ⇕㔞 
 
㻌 ⾲ 3. 2䛻ᅛయ⏕ᡂ≀䛾ඖ⣲⤌ᡂ䠈ඖ⣲ẚ䠈཰⋡䛚䜘䜃Ⓨ⇕㔞䜢♧䛩䠊WH䛷䛿 STP䛸
ཎᩱ䛾ඖ⣲⤌ᡂ䛿䛒䜎䜚ኚ䜟䜙䛺䛛䛳䛯䛜䠈䛭䜜௨እ䛾ヨᩱ䛷䛿STP䛿䛔䛪䜜䜒Ⅳ⣲ྵ












⣲ྵ᭷⋡䛜 68 ~ 83 wt%䠈㓟⣲ྵ᭷⋡䛜 10 ~ 30 wt%䛸ཎᩱ䛻䜘䜚኱䛝䛺㐪䛔䛜䜏䜙䜜䠈
ཎᩱ䛾㉁䛜ప䛟䛺䜛䛻䛴䜜䛶䠈Ⅳ⣲ྵ᭷⋡䛿ῶᑡ䛧䠈㓟⣲ྵ᭷⋡䛿ቑຍ䛧䛯䠊୍᪉䠈⁐
ᘙ 3. 2. Ӳဃ঺ཋ↝Ψእኵ঺≏Ψእൔ≏ӓྙⅹ↷↢᭗ˮႆ༏᣽ 
Sample Fraction
Elemental composition
















81.5 5.4 1.9 11.2 0.78 0.10 ʊ 33.4 33.4
84.3 5.1 1.5 9.2 0.72 0.08 1.040 34.1 35.5
83.4 4.6 1.5 10.6 0.65 0.10 0.704 33.0 23.2
84.0 5.3 1.9 8.8 0.75 0.08 0.107 34.5 3.7
87.0 6.5 1.2 5.4 0.89 0.05 0.229 37.7 8.6








73.1 5.2 1.5 20.2 0.85 0.21 ʊ 29.6 29.6
79.1 5.5 1.8 13.7 0.83 0.13 0.992 32.4 32.1
77.7 4.6 2.1 15.7 0.70 0.15 0.614 27.3 16.7
75.7 5.1 2.0 17.3 0.80 0.17 0.106 26.6 2.8
83.6 7.6 1.0 7.8 1.08 0.07 0.272 36.7 10.0








70.0 5.2 1.7 23.2 0.88 0.25 ʊ 27.0 27.0
78.7 5.1 1.2 15.0 0.77 0.14 0.888 31.0 27.5
77.5 4.1 1.3 17.1 0.64 0.17 0.538 28.7 15.4
75.9 4.9 1.2 18.0 0.76 0.18 0.084 29.4 2.5
82.0 7.1 0.9 10.0 1.03 0.09 0.266 36.2 9.6








68.5 5.0 1.0 25.5 0.88 0.28 ʊ 26.7 26.7
78.7 5.1 1.2 15.0 0.77 0.14 0.888 31.0 27.4
74.9 3.9 1.5 19.6 0.63 0.20 0.589 29.6 17.4
77.7 4.9 1.4 16.0 0.75 0.15 0.025 30.9 0.8
81.8 7.5 0.7 10.0 1.09 0.09 0.252 36.6 9.2








68.2 4.6 0.6 26.5 0.81 0.29 ʊ 25.9 25.9
78.6 4.9 0.9 15.6 0.74 0.15 0.888 30.6 27.4
77.0 4.0 1.1 18.0 0.61 0.18 0.479 29.0 13.9
76.0 4.7 1.2 18.1 0.73 0.18 0.059 29.6 1.7
81.3 6.4 0.7 11.6 0.93 0.11 0.332 34.7 11.5








58.9 4.9 3.3 32.9 0.99 0.42 ʊ 22.5 22.5
74.1 5.3 2.6 18.0 0.85 0.18 0.679 29.9 20.3
71.0 4.4 2.7 21.9 0.74 0.23 0.488 27.1 13.2
78.2 5.6 3.6 12.6 0.85 0.12 0.016 32.4 0.5
82.3 7.7 2.4 7.6 1.12 0.07 0.174 37.6 6.5








46.5 5.6 0.4 47.5 1.44 0.77 ʊ 18.0 18.0
78.4 6.2 1.1 14.4 0.94 0.14 0.448 31.9 14.3
68.0 4.9 0.9 26.2 0.86 0.29 0.124 22.1 2.7
81.1 5.3 1.4 12.2 0.78 0.11 0.031 32.5 1.0
82.5 6.8 1.2 9.6 0.98 0.09 0.293 35.9 10.5




๣ྍ⁐ᡂศ䛷䛒䜛 Deposit䛿Ⅳ⣲ྵ᭷⋡䛜 75 ~ 84 wt%䠈㓟⣲ྵ᭷⋡䛜 8 ~ 18 wt%䠈
Soluble䛿Ⅳ⣲ྵ᭷⋡䛜 82 ~ 87 wt%䠈㓟⣲ྵ᭷⋡䛜 5 ~ 12 wt%䛷䛒䜚䠈ཎᩱ䛻䜘䜛㐪䛔
䛿䛒䜎䜚䜏䜙䜜䛺䛛䛳䛯䠊ฎ⌮ヨᩱᇶ‽䛾Ⓨ⇕㔞䛿Residue䛷䛿30 MJ/kg௨ୗ䛷ཎᩱ䛾
㉁䛜㧗䛟䛺䜛䜋䛹Ⓨ⇕㔞䛜ቑຍ䛧䛯䛜䠈Deposit䛷䛿26 ~ 33 MJ/kg䛷ཎᩱ䛾㉁䛜㧗䛟䛺䜛
䜋䛹Ⓨ⇕㔞䛜ῶᑡ䛩䜛ഴྥ䛜䜏䜙䜜䛯䠊୍᪉䠈Soluble䛷䛿35 MJ/kg௨ୖ䛷䛒䜚䠈ཎᩱ䛻
䜘䜛㐪䛔䛿䛒䜎䜚䜏䜙䜜䛺䛛䛳䛯䠊 
㻌 Batch Char䛷䛿Ⅳ⣲ྵ᭷⋡䛜 73 ~ 82 wt%䠈㓟⣲ྵ᭷⋡䛜 11 ~ 18 wt%䛷䛒䜚䠈STP 䛸
ẚ䜉䛶Ⅳ⣲ྵ᭷⋡䛜ᑠ䛥䛟䠈㓟⣲ྵ᭷⋡䛜኱䛝䛟䛺䛳䛯䠊ฎ⌮ヨᩱᇶ‽䛾Ⓨ⇕㔞䛿 29 ~ 
33 MJ/kg 䛸ள℡㟷Ⅳ⛬ᗘ䛻ᨵ㉁䛥䜜䛯䛜䠈ཎᩱᇶ‽䛾Ⓨ⇕㔞䛿ཎᩱ䜘䜚䜒ᑠ䛥䛟䛺䜚䠈
Tar䛾⏕ᡂ䛻క䛔䜶䝛䝹䜼䞊䝻䝇䛜⏕䛨䛯䛸⪃䛘䜙䜜䜛䠊 
㻌 ᅗ 3. 5 ~ 3. 11䛻ྛฎ⌮䛻䛚䛡䜛ඖ⣲཰ᨭ䜢♧䛩䠊ᅗ୰䛾㯮Ⰽ◚⥺䛿ཎᩱ䛾Ⅳ⣲䠈Ỉ
⣲䠈㓟⣲䛾್䜢⾲䛩䠊Ⅳ⣲཰⋡䛿䠈㉁䛾㧗䛔ཎᩱ䛷䛿 Residue 䛜኱䛝䛟䠈㉁䛾ప䛔ཎᩱ
䛷䛿 Soluble䛜኱䛝䛟䛺䛳䛯䠊RS䛷䛿 Soluble䛾Ⅳ⣲཰⋡䛜 52 %䛸༙ศ௨ୖ䜢༨䜑䛯䠊
୍᪉䠈ᅛయ⏕ᡂ≀䛾㓟⣲཰⋡䛿ᑠ䛥䛟䠈STP䛻䛴䛔䛶ẚ㍑䛩䜛䛸䠈Residue䛾㓟⣲཰⋡䛜
኱䛝䛟䠈Soluble䠈Deposit䛾㓟⣲཰⋡䛿ᑠ䛥䛟䛺䛳䛯䠊㓟⣲཰ᨭ䜢ẚ㍑䛩䜛䛸䠈⁐๣ฎ⌮䛷















































































































׋ 3.5. WH໗↝Ψእӓ  ૅ ׋ 3. 6. TH໗↝Ψእӓ  ૅ






































































































׋ 3. 9. LY໗↝Ψእӓ  ૅ ׋ 3. 10. BP↝Ψእӓ  ૅ






































































































































































































3. 3. 3. ᐁ⬟ᇶ㔞䛾ኚ໬ 
 
㻌 ᅗ 3. 13 ~ 3. 19䛻ཎᩱ䠈STP䛚䜘䜃 Batch Char䛾 IR䝇䝨䜽䝖䝹䜢♧䛩䠊WHⅣ䛷䛿⁐
๣ฎ⌮䠈⇕ศゎฎ⌮䛻䜘䜛ኚ໬䛜䜋䛸䜣䛹ぢ䜙䜜䛺䛛䛳䛯䛜䠈䛭䜜௨እ䛾ヨᩱ䛷䛿 STP䠈
Batch Char 䛸䜒䛻䜹䝹䝪䜻䝅䝹ᇶ䛻ᑐᛂ䛩䜛 1750 cm䌦1䛾䝢䞊䜽䛚䜘䜃Ỉ㓟ᇶ䛻ᑐᛂ䛩










































































































׋ 3. 15. AD໗↗ϼྸ໗↝ 
FT-IR⇟∀⇕⇮∑ 
׋ 3. 16. PD໗↗ϼྸ໗↝ 
 FT-IR⇟∀⇕⇮∑ 
׋ 3. 17. LY໗↗ϼྸ໗↝ 
 FT-IR⇟∀⇕⇮∑ 
׋ 3. 18. BP↗ϼྸᚾ૰↝ 
 FT-IR⇟∀⇕⇮∑ 




































































3. 3. 4. 㓟⣲྾╔ᣲື(LYⅣ䠈PDⅣ) 
 














































Char65C, 22 % O2/He













































65C, 22 % O2/He
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྾╔䛾䜏䛜㐍⾜䛧䛯䛣䛸䜢♧䛧䛶䛔䜛䠊ཎⅣ䠈STP䠈䛚䜘䜃 Char 䛻䛴䛔䛶 qO, 2h䛾್䜢ẚ









Deposit䛚䜘䜃 Soluble䛾㓟⣲྾╔ᣲື䜢㊊䛧ྜ䜟䛫䛯䜘䛖䛺ᣲື䜢♧䛧䠈Residue䜘䜚 qO, 
2h䛜ᑠ䛥䛟䛺䛳䛯䛜Deposit䛚䜘䜃 Soluble䜘䜚䛿 qO, 2h䛜኱䛝䛟䛺䛳䛯䠊⁐๣ྍ⁐ᡂศ䛷䛒
䜛 Deposit䛚䜘䜃 Soluble 䛿኱ᖜ䛻㓟⣲䛾ྲྀ䜚㎸䜏㔞䛜ῶᑡ䛧䛶䛔䜛䛣䛸䛛䜙䠈⁐๣ฎ⌮
䛻䜘䜚ᚓ䜙䜜䛯⁐๣ྍ⁐ᡂศ䛿ప 䛻䛚䛡䜛㓟⣲䛸䛾཯ᛂᛶ䛜ప䛔䛸⪃䛘䜙䜜䜛䠊 
㻌 ప 㓟໬䛾せᅉ䛿✀䚻䛾䜒䛾䛜ᥦ᱌䛥䜜䛶䛚䜚䠈໬Ꮫⓗ䛺せᅉ䛾୍䛴䛸䛧䛶⬡⫫᪘Ⅳ
















ᑠ䛥䛟䛺䜚䠈Deposit 䛿⬡⫫᪘Ⅳ⣲ྵ᭷⋡䠈⣽Ꮝ⾲㠃✚䛾䛹䛱䜙䜒ᑠ䛥䛟䛺䛳䛯䛾䛷 qO, 2h





























































⌧䛥䜜䛯䠊⁐๣ฎ⌮ヨᩱ䜢ศ㞳䛧ᚓ䜙䜜䛯 3 ✀㢮䛾䝣䝷䜽䝅䝵䞁䛷䛒䜛 Residue䠈Deposit
䛚䜘䜃 Soluble 䛻䛴䛔䛶ẚ㍑䛩䜛䛸䠈㉁䛾ప䛔ཎᩱ䜋䛹ᐊ 䛻䛚䛔䛶䜒⁐๣ྍ⁐䛺






㻌 䜎䛯䠈2✀㢮䛾〓Ⅳ䛚䜘䜃䛭䜜䜙䛛䜙ㄪ〇䛧䛯ヨᩱ䛻䛴䛔䛶 65 °C䛻䛚䛡䜛㓟⣲྾╔ᣲ
ື䜢ほᐹ䛧䛯䠊⁐๣ฎ⌮ヨᩱ䛿⇕ศゎヨᩱ䜘䜚䜒 2᫬㛫ᚋ䛾㓟⣲྾╔㔞 qO, 2h䛜ᑠ䛥䛟䛺
䛳䛯䛜䠈ཎⅣ䜘䜚䜒䜟䛪䛛䛻኱䛝䛟䛺䛳䛯䠊䜎䛯䠈⁐๣ྍ⁐ᡂศ䛷䛒䜛 Soluble 䛚䜘䜃
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➨ 4❶㻌 ▼Ⅳప 㓟໬䛾཯ᛂ㏿ᗘゎᯒ 
 



















4. 2. ᐇ㦂䛚䜘䜃ゎᯒ 
 





㻌 1. 2. 1㡯䛾ᅗ 1. 1 䛸ྠᵝ䛻䝬䜲䜽䝻䜺䝇䜽䝻䝬䝖䜾䝷䝣䜢┤⤖䛧䛯⇕ኳ⛗䜢⏝䛔䠈ヨᩱ⣙
2 mg-d. a .f.䜢䝦䝸䜴䝮㞺ᅖẼୗ110 °C䛷 30ศ㛫ಖᣢ䛩䜛䛣䛸䛷஝⇱䛥䛫䛯䛾䛱䠈ᶍᨃ✵
Ẽ㞺ᅖẼୗ䛷 40 ~ 700 °C䜎䛷᪼ 䛧䠈㓟໬䛥䛫䛯䠊᪼ ㏿ᗘ䛿 1䠈2䠈5䠈10 K/min䛾 4
✀㢮䜢⏝䛔䛯䠊 
 
4. 2. 2. Ⓨ⇕㏿ᗘ 
 
㻌 1. 2. 2㡯䛸ྠᵝ䛻 DSC䜢⏝䛔䠈ヨᩱ⣙ 4 mg-d. a .f.䜢ᶍᨃ✵Ẽ㞺ᅖẼୗ䛷 40 ~ 450 °C
䜎䛷᪼ 䛧䛯䠊᪼ ㏿ᗘ䛿 2䠈5䠈10 K/min䛾 3✀㢮䜢⏝䛔䛯䠊 
 












X RTERTE     (4. 1) 
㻌 g(pO2)䛿㓟⣲ศᅽ䛻㛵䛩䜛㛵ᩘ䛷䛒䜚䠈㓟⣲ศᅽ䛜୍ᐃ䛺䜙䜀䠈䜏䛛䛡䛾㢖ᗘᅉᏊ k0,i
䛾୰䛻ྵ䜎䜜䜛䠊䛩䜉䛶䛾཯ᛂ䛾㏿ᗘ䜢㊊䛧ྜ䜟䛫䜛䛣䛸䛷඲య䛾཯ᛂ⋡ X 䛸᫬㛫 t 䛾
㛵ಀ䛜(4. 2)ᘧ䛸⾲䛩䛣䛸䛜䛷䛝䜛䠊 
   EEftekX t RTE d'dexp1
0 0
/
0³ ³f  ¹¸·©¨§   
   EEftekek
t





























§  (4. 3) 
ᮏㄽᩥ䛷䛿 LYⅣ䛚䜘䜃 PRBⅣ䛿 X = 0.01 ~ 0.12䜎䛷䜢 0.01㛫㝸䛷 12Ⅼ䛚䜘䜃 X = 
0.13 ~ 0.99䜎䛷䜢 0.02㛫㝸䛷 44Ⅼ䛾 56ಶ䠈ALⅣ䛿 X = 0.00 ~ 0.11䜎䛷䜢 0.01㛫㝸䛷









4. 2. 4. ᩿⇕ ᗘୖ᪼ᩘ್䝅䝭䝳䝺䞊䝅䝵䞁 
 
㻌 ᩿⇕ ᗘୖ᪼䛾ᩘ್䝅䝭䝳䝺䞊䝅䝵䞁䛷䛿஝⇱䛧䛯▼Ⅳ 1 kg 䜢㔝✚䜏䛻䛧䠈䛒䜛ึᮇ
 ᗘ䛛䜙୍ᐃ㔞䛾✵Ẽ䛻ᭀ㟢䛥䛫䛶཯ᛂ䛥䛫䛯ሙྜ䜢᝿ᐃ䛧䛯䠊ィ⟬䛻⏝䛔䛯௬ᐃ䜢
௨ୗ䛻♧䛩䠊 
































 (4. 4) 
䜎䛯䠈⇕཰ᨭ䛿(4. 5)ᘧ䛸䛺䜛䠊 
  ^ `  ¦ '  n ii HrtTcXc 0 rairp,coalp, d
d1 J  (4. 5) 
䛣䛣䛷J䛿✵Ẽ䛸▼Ⅳ䛾㔜㔞ẚ[kg-air/kg-coal]䜢⾲䛩䠊cp,coal䠈cp,air 䛿䛭䜜䛮䜜▼Ⅳ䛚䜘䜃
✵Ẽ䛾⇕ᐜ㔞[kJ/(kg K)]䛷䛒䜛䠊ri䠈¨rHi䛿཯ᛂ i䛾཯ᛂ㏿ᗘ[kg/(kg-coal min)]䛚䜘䜃཯
ᛂ䜶䞁䝍䝹䝢䞊[kJ/g]䛷䛒䜛䠊ri䛿(4. 6)ᘧ䛾䜘䛖䛻⾲䛥䜜䜛䠊 
   ¹¸·©¨§  ³  'dexp1 0 /,0/,0/,0 tekekXekr t RTEiRTEiiRTEii iii  (4. 6) 
 ᗘ T䠈▼Ⅳ䛾཯ᛂ⋡ X䠈䛚䜘䜃ྛ཯ᛂ䛾཯ᛂ㏿ᗘ ri䛻ᑐ䛩䜛㐃❧ᚤศ᪉⛬ᘧ䜢 RKG
ἲ䜢⏝䛔䛶✚ศ䛧䠈䛭䜜䜙䛾ኚᩘ䛾᫬㛫ኚ໬䜢ィ⟬䛧䛯䠊✵Ẽ䛸▼Ⅳ䛾㔜㔞ẚ䛿J = 0, 4








4. 3. ⤖ᯝ䛸⪃ᐹ 
 
4. 3. 1. ᪼ ㏿ᗘ䛾ᙳ㡪 
 





























































׋ 4. 1. LY໗↝ᣠ҄଺↝᣻᣽٭  ҄




























































































׋ 4. 3. AL໗↝ᣠ҄଺↝᣻᣽٭  ҄







׋ 4. 5. PRB໗↝᣻᣽ถݲᡮࡇ↗ႆ༏᣽ 





























































































































⟬್䜢ồ䜑䠈ᅗ 4. 4 ~ 4. 6䛻♧䛧䛯䠊䛔䛪䜜䛾▼Ⅳ䜒 ᗘ䛻ᑐ䛩䜛㔜㔞ῶᑡ㏿ᗘ䛚䜘䜃
Ⓨ⇕㔞䛾✚⟬್䛿䛚䛚䜐䛽཯ᛂ⋡䛻䜘䜙䛺䛔䛣䛸䛛䜙䠈ྠ୍཯ᛂ⋡䛻䛚䛔䛶䛿᪼ ㏿
ᗘ䛻䜘䜙䛪ྠ䛨཯ᛂ䛜㉳䛝䛶䛔䜛䛸䜏䛺䛩䛣䛸䛜䛷䛝䜛䛸䛧䛯䠊10 K/min䛷䛾ALⅣ䛾㓟໬
䛷䛿䠈཯ᛂ⋡䛜 0.2 ~ 0.4䛾⠊ᅖ䛷ᛴ⃭䛺㔜㔞ῶᑡ䛜ᩘ䛛ᡤ䜏䜙䜜䛯䛯䜑䠈 ᗘ䛻ᑐ䛩
䜛㔜㔞ῶᑡ㏿ᗘ䛜኱䛝䛟᣺䜜䛶䛔䛯䠊䛣䜜䛿䠈10 K/min 䛷᪼ 䛧䛯㝿䛻䛿᫬㛫䛻ᑐ䛩䜛
㔜㔞ῶᑡ㏿ᗘ䛜㧗䛟䛺䜛䛯䜑䠈ヨᩱ䛾⵳⇕䛜↓ど䛷䛝䛺䛟䛺䛳䛯ྍ⬟ᛶ䛜䛒䜛䠊 
㻌 ᅗ 4. 4 ~ 4. 6୰䛾Ⓨ⇕㔞᭤⥺䛾ഴ䛝䛿䛭䛾཯ᛂ⋡䛻䛚䛡䜛཯ᛂ䜶䞁䝍䝹䝢䞊䛾⤯ᑐ್
䛻ᑐᛂ䛩䜛䠊LYⅣ䛸 PRBⅣ䛷䛿 X = 0.1௨ୗ䛷Ⓨ⇕㔞᭤⥺䛾ഴ䛝䛜ᛴ䛻䛺䛳䛶䛚䜚䠈཯
ᛂึᮇ䛾䜋䛖䛜཯ᛂ䜶䞁䝍䝹䝢䞊䛾⤯ᑐ್䛜኱䛝䛔䛣䛸䜢♧䛧䛶䛔䜛䠊䜎䛯䠈X = 0.4௨ୖ




䛿 í 18 MJ/kg-sample䛷䛒䜚䠈Ⅳ⣲䛾⇞↝䛻䜘䜚 CO2䛚䜘䜃 CO䛜⏕ᡂ䛩䜛཯ᛂ䛾཯ᛂ
䜶䞁䝍䝹䝢䞊䛿䛭䜜䛮䜜 í32.8 MJ/kg-C (í393.52 kJ/mol-C)䛚䜘䜃 í9.21 MJ/kg-C 
(í110.54 kJ/mol-C)䛷䛒䜛䛣䛸䛛䜙䠈▼Ⅳ㦵᱁䛾㓟໬䛷䛿 CO 䛸 CO2䛾⏕ᡂ䜶䞁䝍䝹䝢䞊
䛾㛫䛾್䜢ྲྀ䜛䠊䜎䛯䠈⬡⫫᪘Ⅳ⣲䛚䜘䜃ྵ㓟⣲ᐁ⬟ᇶ䛾཯ᛂ䜶䞁䝍䝹䝢䞊䛿 í30 ~ 
í40 MJ/kg-sample 䛷䛒䜚䠈䝯䝍䞁䛾᏶඲⇞↝䛾཯ᛂ䜶䞁䝍䝹䝢䞊 í55.5 MJ/kg-CH4 
(í890.36 kJ/mol-CH4)䜔䝧䞁䝊䞁䛾᏶඲⇞↝䛾཯ᛂ䜶䞁䝍䝹䝢䞊 í41.8 MJ/kg-C6H6 
(í3267.6 kJ/mol-C6H6)䛸䛔䛳䛯CO2䛸H2O䛜⏕ᡂ䛩䜛䜘䛖䛺཯ᛂ䛾䜶䞁䝍䝹䝢䞊䛸ఝ䛯್
䛷䛒䛳䛯䠊 









4. 3. 2. ཯ᛂ㏿ᗘゎᯒ 
 
㻌 4. 2. 3㡯䛷㏙䜉䛯䜘䛖䛻 56Ⅼ䛻䛚䛔䛶㏿ᗘゎᯒ䜢⾜䛳䛯䠊(4. 3)ᘧ䛻䜒䛸䛵䛝䠈a2/T 䛸
1/T䛾䜰䝺䝙䜴䝇䝥䝻䝑䝖䜢ᅗ 4. 7 ~ 4. 9䛻♧䛩䠊┤⥺䛾ഴ䛝䛿䛚䛚䜐䛽཯ᛂ⋡䛜኱䛝䛟䛺
䜛䜋䛹ᛴ䛻䛺䛳䛯䠊ᅗ 4. 7 ~ 4. 9䜘䜚ồ䜑䛯άᛶ໬䜶䝛䝹䜼䞊䜢ᅗ 4. 10䛻♧䛩䠊䛔䛪䜜














































׋ 4. 8. PRB໗↝⇈−⇱⇌⇟⇽∓⇩⇮ 














































































׋ 4. 10. Ӳჽ໗↝෇ࣱ҄⇎⇳∑⇔∞↝٭  ҄

























Selected conversion, X [-]











































㻌 㢖ᗘᅉᏊ䛸άᛶ໬䜶䝛䝹䜼䞊䛾㛵ಀ䜢ᅗ 4. 11䛻♧䛩䠊㢖ᗘᅉᏊ䛿 106 ~ 1014 miní1⛬











㻌 䛔䛟䛴䛛䛾཯ᛂ⋡䛻䛚䛡䜛䜏䛛䛡䛾཯ᛂ㏿ᗘᐃ  ᩘ ki = k0,i exp (íEi / RT)䛾 ᗘ౫Ꮡᛶ
䜢䜰䝺䝙䜴䝇䝥䝻䝑䝖䛾ᙧ䛷ᅗ4. 15 ~ 4. 17䛻♧䛧䛯䠊200 °C䛷ẚ㍑䛩䜛䛸䠈䛔䛪䜜䛾▼Ⅳ
䜒཯ᛂ⋡䛜኱䛝䛔䜋䛹䠈䛴䜎䜚཯ᛂ䛜㐍⾜䛩䜛䜋䛹䠈䜏䛛䛡䛾཯ᛂ㏿ᗘᐃᩘ䛜ᑠ䛥䛟䛺䛳
䛯䠊LY Ⅳ䛚䜘䜃 PRB Ⅳ䛻䛚䛔䛶⬡⫫᪘Ⅳ⣲䜔ྵ㓟⣲ᐁ⬟ᇶ䛾㓟໬䛜⏕䛨䛶䛔䜛 X = 
0.03 䛻䛚䛡䜛䜏䛛䛡䛾཯ᛂ㏿ᗘᐃᩘ䛿䠈LY Ⅳ䛿 5.42×10í3 miní1 䛷䛒䜚䠈PRB Ⅳ䛾
1.01×10í3 miní1䠈ALⅣ䛾1.19×10í5 miní1䜘䜚䜒኱䛝䛟䛺䛳䛯䠊୍᪉䠈▼Ⅳ㦵᱁㒊ศ䛾㓟໬
䛜⏕䛨䛶䛔䜛䛸⪃䛘䜙䜜䜛 X = 0.50䜒䛧䛟䛿 0.51䛻䛚䛡䜛䜏䛛䛡䛾཯ᛂ㏿ᗘᐃᩘ䛿䠈LY
Ⅳ䛾ሙྜ䛿 5.10×10í6 miní1䠈PRBⅣ䛷䛿 6.27×10í6 miní1䠈ALⅣ䛷䛿 8.75×10í8 miní1





















































































































׋ 4. 15. LY໗↝↮ⅺↀ↝Ӓࣖᡮࡇܭૠ 



































LY i = 3(X = 0.03)
i = 31




































































׋ 4. 16. PRB໗↝↮ⅺↀ↝Ӓࣖᡮࡇܭૠ 























































4. 3. 3. ᩿⇕ ᗘୖ᪼ᩘ್䝅䝭䝳䝺䞊䝅䝵䞁 
 
























 (4. 4) 
⇕཰ᨭ䠖 
  ^ `  ¦ '  n ii HrtTcXc 0 rairp,coalp, d
d1 J  (4. 5) 
䛯䛰䛧 
   ¹¸·©¨§  ³  'dexp1 0 /,0/,0/,0 tekekXekr t RTEiRTEiiRTEii iii  (4. 6) 
㻌 ✀䚻䛾ึᮇ ᗘ䛻ᑐ䛧䛶 30 ᪥㛫䛷䛾 ᗘୖ᪼䜢ᩘ್䝅䝭䝳䝺䞊䝅䝵䞁䛧䛯⤖ᯝ䜢♧䛩䠊
᭱䜒Ⓨⅆ䛜䛧䜔䛩䛔᮲௳䛷䛒䜛J = 0䛾ሙྜ䛜ᅗ 4. 18䛚䜘䜃ᅗ 4. 19䠈J = 4䛾ሙྜ䛜ᅗ
4. 20䛚䜘䜃ᅗ 4. 21䛷䛒䜛䠊LYⅣ䛷䛿J = 0䛾ሙྜ䛿ึᮇ ᗘ䛜 75 °C௨ୖ䛷䠈J = 4䛾
ሙྜ䛿ึᮇ ᗘ䛜 90 °C ௨ୖ䛷䛭䜜䛮䜜ᛴ⃭䛺 ᗘୖ᪼䛜䜏䜙䜜䠈▼Ⅳ䛜Ⓨⅆ䛧䛯䠊
▼Ⅳ✵Ẽ㔜㔞ẚ䛾ኚ໬䛻䜘䜚䠈▼Ⅳ䛜Ⓨⅆ䛩䜛ึᮇ ᗘ䛜 15 °C䜋䛹㧗䛟䛺䛳䛯䠊䜎䛯䠈
Ⓨⅆ䛜㉳䛝䛯䛸䛝䛾▼Ⅳ䛾 ᗘ䛿J = 0䛾ሙྜ䛿 100 °C⛬ᗘ䛷䛒䜚J = 4䛾ሙྜ䛿 120 °C
⛬ᗘ䛷䛒䛳䛯䠊୍᪉䠈ALⅣ䛷䛿J = 0䛾ሙྜึᮇ ᗘ䛜 140 °C௨ୖ䛷▼Ⅳ䛾Ⓨⅆ䛜 30















ᘙ 4. 1. LY໗↝ᡮࡇ⇷∏∇∞⇥∞ 
ᘙ 4. 2. AL໗↝ᡮࡇ⇷∏∇∞⇥∞ 
Number
i [-] X [-]
LY
k0 [min-1] E [kJ/mol] ¨rH [kJ/g]
0 ʊ ʊ ʊ
1 0.01 1.73⁷1013 130.7 í53.3
2 0.02 5.41⁷1011 124.7 í56.2
3 0.03 1.07⁷1011 120.6 í55.0
4 0.04 5.87⁷1010 120.7 í44.4
5 0.05 4.42⁷1010 120.9 í46.3
6 0.06 3.05⁷1010 121.0 í41.8
7 0.07 2.43⁷1010 121.1 í40.3
8 0.08 1.98⁷1010 121.3 í36.6
9 0.09 1.60⁷1010 121.4 í32.6
10 0.10 1.39⁷1010 121.6 í34.4
Number
i [-] X [-]
AL
k0 [min-1] E [kJ/mol] ¨rH [kJ/g]
0 0 3.39⁷109 130.8 í43.9
1 0.01 8.42⁷108 125.4 í41.5
2 0.02 2.88⁷108 121.2 í38.8
3 0.03 1.92⁷108 120.3 í37.4
4 0.04 1.58⁷108 120.3 í32.7
5 0.05 1.53⁷108 121.1 í31.1
6 0.06 1.73⁷108 122.6 í31.9
7 0.07 2.22⁷108 124.8 í29.8
8 0.08 3.11⁷108 127.4 í25.4
9 0.09 4.59⁷108 130.1 í27.7





























































































































㻌 ᅗ 4. 22䛻 LYⅣ䛾J = 0䠈ึᮇ ᗘ 75 °C䛻䛚䛡䜛཯ᛂ⋡䛾⤒᫬ኚ໬䜢♧䛩䠊඲཯ᛂ
⋡䛻ᑐ䛧䛶䠈1 ~ 3␒┠(X = 0.01䠈0.02䛚䜘䜃 0.03)䛾཯ᛂ䛾ᐤ୚䛜 90 %௨ୖ䜢༨䜑䛶䛔
䜛䠊10␒┠(X = 0.10)䛾཯ᛂ䛾ᐤ୚䛿 1 %௨ୗ䛷䛒䜛䛣䛸䛛䜙䠈㠀ᖖ䛻ึᮇ䛾཯ᛂ䛜 ᗘ
ୖ᪼䛻኱䛝䛟ᙳ㡪䛧䛶䛚䜚䠈ึᮇ䛾 10 ಶ䛾཯ᛂ䛰䛡䛷▼Ⅳ඲య䛾 ᗘୖ᪼䜢༑ศ䛻⾲
⌧䛷䛝䛶䛔䜛䛸⪃䛘䜙䜜䜛䠊J = 0䛾ሙྜ䠈75 °C䛛䜙100 °C䛻㐩䛩䜛䜎䛷䛾▼Ⅳ඲య䛾཯

































׋ 4. 22. LY໗↝ӲӒࣖ↝Ӓࣖ  ྙ









䛾㓟໬䛷䛿䠈཯ᛂ䜶䞁䝍䝹䝢䞊䛜 í30 ~ í40 MJ/kg 䛸▼Ⅳ㦵᱁䛾㓟໬䛾཯ᛂ䜶䞁䝍䝹䝢
䞊䜘䜚䜒኱䛝䛟䛺䛳䛯䠊DAEM ἲ䛾㐺⏝䛻䜘䜚䠈཯ᛂ䛾㐍⾜䛻క䛖཯ᛂ㏿ᗘ䝟䝷䝯䞊䝍䞊
䛾ኚ໬䛜⾲⌧䛷䛝䠈䜏䛛䛡䛾άᛶ໬䜶䝛䝹䜼䞊䛿 100 ~ 180 kJ/mol 䛸▼Ⅳ䛻䜘䜙䛪ఝ䛯






䝳䝺䞊䝅䝵䞁䛜ྍ⬟䛻䛺䛳䛯䠊LY Ⅳ䛷䛿▼Ⅳ✵Ẽ㔜㔞ẚJ = 0 䛾ሙྜ䛿ึᮇ ᗘ䛜
75 °C௨ୖ䛷䠈J = 4䛾ሙྜ䛿ึᮇ ᗘ䛜 90 °C௨ୖ䛷䛭䜜䛮䜜 30᪥௨ෆ䛻ᛴ⃭䛺 ᗘ
ୖ᪼䛜㉳䛝䠈▼Ⅳ䛜Ⓨⅆ䛧䛯䠊Ⓨⅆ䛜⏕䛨䜛ึᮇ ᗘ䛜 15 °C䜋䛹㧗䛟䛺䛳䛯䠊▼Ⅳ✵Ẽ
㛫䛷䛾⇕⛣ື䛻䜘䜛ᙳ㡪䛜㢧ⴭ䛻䜏䜙䜜䛯䠊୍᪉䠈AL Ⅳ䛷䛿J = 0 䛾ሙྜึᮇ ᗘ䛜
140 °C௨ୖ䛾䛸䛝 30᪥௨ෆ䛻Ⓨⅆ䛜䜏䜙䜜䛯䛜䠈J = 4䛾䛸䛝䛿ึᮇ ᗘ䛜 160 °C௨ୗ
䛷䛿 30᪥௨ෆ䛻Ⓨⅆ䛜䜏䜙䜜䛺䛛䛳䛯䠊䜎䛯䠈LYⅣ䛷䛿඲཯ᛂ⋡䛻ᑐ䛧䛶䠈X = 0.01䠈
0.02䛚䜘䜃 0.03䛻䛚䛡䜛཯ᛂ䛾ᐤ୚䛜 90 %௨ୖ䜢༨䜑䛶䛚䜚䠈㠀ᖖ䛻ึᮇ䛾཯ᛂ䛜 
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㔞䛸Ⓨ⇕㏿ᗘ䜢ẚ㍑䛩䜛䛸䠈LYⅣ䛾㓟⣲ᾘ㈝㔞䛿Ⅳ⣲ཎᏊ 100 mol䛒䛯䜚㓟⣲ཎᏊ 4.6 
mol 䛷᭱䜒኱䛝䛟䠈㓟⣲䛸䛾཯ᛂᛶ䛜㧗䛔䛣䛸䛜♧䛥䜜䛯䠊୍᪉䠈㉁䛾ప䛔▼Ⅳ䜋䛹䜏䛛
䛡䛾཯ᛂ䜶䞁䝍䝹䝢䞊䛾⤯ᑐ್䛜኱䛝䛟䛺䛳䛯䠊200 °C ௨ୗ䛻䛚䛡䜛Ⓨ⇕㔞䜘䜚᩿⇕ 
ᗘୖ᪼䜢᥎⟬䛩䜛䛸 LYⅣ䛷䛿 317 °C 䛸䛺䜚᭱䜒⮬↛Ⓨⅆᛶ䛜㧗䛔䛣䛸䛜♧䛥䜜䛯䠊䜎䛯䠈







































䛨䛷䛒䜛䛣䛸䜢☜ㄆ䛧䛯䛖䛘䛷୪ิ୍ḟ཯ᛂ䝰䝕䝹(Distributed activation energy model, 
DAEMἲ)䜢㐺⏝䛧䛯䠊ᚓ䜙䜜䛯άᛶ໬䜶䝛䝹䜼䞊䛿 100 ~ 180 kJ/mol䛷䛒䜚䠈LYⅣ䠈
PRB Ⅳ䛷䛿㓟໬䛾㐍⾜䛻క䛔άᛶ໬䜶䝛䝹䜼䞊䛜ቑຍ䛧䛯䛜䠈AL Ⅳ䛷䛿཯ᛂ⋡ X = 
0.2௜㏆䛷᭱኱್䜢ྲྀ䛳䛯䠊䜏䛛䛡䛾㢖ᗘᅉᏊ䛿 106 ~ 1014 miní1⛬ᗘ䛻ศᕸ䛧䠈䛚䛚䜐
䛽㉁䛾ప䛔▼Ⅳ䛾䜋䛖䛜኱䛝䛺್䜢ྲྀ䛳䛯䠊ྵ㓟⣲ᐁ⬟ᇶ䛾㓟໬䛜㉳䛝䜛 X = 0.03䛻䛚
䛡䜛཯ᛂ䛻䛴䛔䛶200 °C䛷ẚ㍑䛩䜛䛸LYⅣ䛾཯ᛂ㏿ᗘᐃᩘ䛿5.42 ×10í3 miní1䛷䛒䜚䠈
PRBⅣ䛾⣙5ಸ䠈ALⅣ䛾⣙ 500ಸ䛸ཎᩱ䛻䜘䛳䛶኱䛝䛺㐪䛔䛜ぢ䜙䜜䛯䠊୍᪉䠈▼Ⅳ㦵
᱁䛾㓟໬䛜㉳䛝䛶䛔䜛 X = 0.50䛺䛔䛧 0.51䛻䛚䛡䜛཯ᛂ䜢 200 °C䛷ẚ㍑䛩䜛䛸䠈LYⅣ






▼Ⅳ✵Ẽ㛫䛷⇕⛣ື䛜䛒䜛᮲௳(✵Ẽ▼Ⅳ㔜㔞ẚJ = 4)䜘䜚 15 ~ 20 °Cప䛔ึᮇ ᗘ䛷
ᛴ⃭䛺 ᗘୖ᪼䛜⏕䛨Ⓨⅆ䛜㉳䛣䜛䛣䛸䜢᫂䜙䛛䛻䛧䛯䠊䛣䜜䛻䜘䜚▼Ⅳ䛾Ⓨⅆ䜢ᢚ䛘䜙
䜜䜛ୖ㝈 ᗘ䛜ᩘ್ィ⟬䛷ồ䜑䜛䛣䛸䛜䛷䛝䠈▼Ⅳ䜢⟶⌮䛩䜛㝿䛾Ᏻ඲䜺䜲䝗䛻䛺䜚䛖䜛















































ྜ䛔㡹ᙇ䛳䛶䛝䛯ྠᮇ䛾἟ཱྀ㻌 㑈ᖹẶ䠈㔠㻌 ᑦᘯẶ䠈⚟⏣㻌 ㈗ྐẶ䛻ឤㅰ䛔䛯䛧䜎
䛩䠊 
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